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ABSTRACT 
The spatial and temporal distribution of residential wood smoke is characterized at the 
neighbourhood scale during the 2007-08 and 2008-09 heating seasons within five communities 
situated in British Columbia. Measurements at the central monitoring stations confirmed that 
wood smoke is a prevalent (levoglucosan/PM2 5 = 0.06 ± 0.03) and consistent (levoglucosan-
PM2.s rSpear = 0.78-0.92) source of PM2.s in the communities. Comparisons between the two 
heating seasons suggest residential wood smoke concentrations may be declining. Persistent 
wood smoke hotspots were identified with mean estimated PM2.5 ranging 13-59 ng m"3 and 
maximum values > 200 ng m"3. These areas were largely associated with single family dwellings 
followed by housing types typically associated with lower socioeconomic statuses. Central 
monitoring stations were representative of seasonal average community-wide concentrations 
during heating season evenings and slash burning was identified as a non-residential source of 
wood smoke that impacted the communities during the fall. 
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1 INTRODUCTION 
Understanding the spatiotemporal variability and distribution of air pollutants is 
an important component of risk, exposure, and epidemiologic assessments. To improve 
the quality of these types of assessments and reduce exposure misclassifications, 
characterizing contrasts over small spatial and temporal scales is necessary. This 
research examines the spatial variability and distribution of residential wood smoke at 
the neighbourhood scale in five communities situated in north-western British Columbia 
during the 2007-2008 heating season. Measurements of PM2.s (particulate matter < 2.5 
nm in aerodynamic diameter), levoglucosan, absorbance coefficients, their 
relationships, and temporal trends are also evaluated for the period of October 2007 to 
September 2009 to evaluate the impact of residential wood burning in the region. 
1.1 Study Rationale 
Due to rising energy costs and interest in renewable energy sources, there is 
anticipation that residential wood burning may become an increasingly popular method 
of space heating, particularly in regions where access to wood is readily available. 
Increased burning activity has recently been observed in some regions of North America 
which is attributed to the recent economic downturn (Zezima, 2008). Provincial trends 
also show that while wood burning is not the most common space heating method, its 
use has been steadily increasing since 1995 (Figure 1.1). 
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Figure 1.1. Space heating energy use in British Columbia. The category of 'Other' includes coal and 
propane. Source: Natural Resources Canada (2010). 
The most recent provincial residential wood burning survey conducted in British 
Columbia indicates that smoke from residential wood burning currently contributes 
approximately 15% of PM2.5 emissions in the province and that residential wood heating 
is expected to increase, most notably in the Skeena, Bulkley Valley Lakes District (BVLD), 
and Cariboo regions (Xue & Wakelin, 2006) (Figure 1.2). 
Approximately 27% (~10,200) of households in the Skeena/BVLD operate wood 
burning appliances for the purpose of home heating (Xue & Wakelin, 2006). Of these 
households, 39% use conventional wood stoves and inserts rather than newer lower-
emission (CSA/EPA certified) appliances. This is the highest regional percentage of 
conventional wood stove/insert use in the province. The results of the provincial 
residential wood burning survey suggest that significant potential exists within the 
Skeena/BVLD to reduce PM2.5 emissions from residential wood burning and that 
2 
preventative measures which aim to minimize impacts from anticipated increases in 
residential wood burning activity 
may be of significant benefit for 
the region. 
In an effort to reduce air 
pollution impacts from residential 
wood burning, the Skeena/BVLD 
Woodstove Exchange Program 
was launched in 2004 by the Lowur Fraaar Valtoy 
Bulkley Valley Lakes District 
Figure 1.2. Regions identified as having high potential to 
Airshed Management Society experience increased residential wood burning activity 
within British Columbia. Source: Adapted from Xue & 
(BVLD AMS) and the BC Ministry Wakelin ,2006) with c0|,^^i8h, permlss,on (Appendl> G) 
of Environment (BC MOE). The program offers financial incentives for residents that 
exchange conventional wood burning appliances for CSA/EPA certified appliances and 
raises awareness about proper burning practices through educational opportunities and 
advertisement campaigns. As of July 2007,120 non-certified appliances had been 
exchanged in the region (B. Weinstein, personal communication, 20 July 2007). 
In 2006 and 2007, the District of Houston, the Town of Smithers, and the 
Corporation of the Village of Burns Lake implemented bylaws that permit the 
establishment of programs that aim to remove non-certified wood burning appliances 
from their respective communities (Corporation of the Village of Burns Lake, 2007; 
District of Houston, 2006; Town of Smithers, 2006). Additionally, the District of Houston 
Sun thins 
Coast 
Vancouver Itland 
Southern Intark 
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Bylaw No. 947 includes a mandate that all non-certified wood burning appliances be 
removed or rendered inoperable by December 31, 2011. Houston is the first community 
in Canada to incorporate such a requirement into a municipal smoke control bylaw. The 
Town of Smithers Bylaw No. 1520 and the Corporation of the Village of Burns Lake 
Bylaw No. 871 include target removal dates of December 31,2011 and December 31, 
2012 respectively (rather than a mandated deadline). 
The implementation of target and deadline dates for the removal of non-
certified wood burning appliances within municipal bylaws in combination with an 
established woodstove exchange program provides a unique opportunity to measure 
pre- and post-exchange conditions of ambient and indoor wood smoke concentrations, 
and wood smoke exposure. A multi-year research project, the Woodstove Exchange 
Study (WEST), began in October 2007 to evaluate these conditions within the 
Skeena/BVLD. This thesis presents the work of one of the initial WEST studies and 
focuses on ambient wood smoke conditions prior to the target/deadline dates. 
1.2 Study Area 
The study area is located in the Skeena Region and Bulkley Valley Lakes District 
(BVLD) in central western British Columbia (Figure 1.3). It extends 350 km along Highway 
16 and focuses in five communities: Terrace, Smithers, Telkwa, Houston, and Burns 
Lake. The communities range in population from 1,295 (Telkwa) to 11,320 (Terrace) 
(Statistics Canada, 2007). Primary economic industries within the region include 
forestry, tourism, mining (staging areas) and agriculture (British Columbia STATS, 2007). 
4 
Figure 1.3. Study area map. Community populations are listed in brackets. Inset map: The red 
rectangle indicates the location of study area within the province of British Columbia. Sources: 
(British Columbia STATS, 2007; Google Earth, 2008; Google Maps, 2009). 
Historical temperature records show that freezing temperatures occur from 
October to April, but are most prevalent November through February (Figure 1.4). 
Terrace, the community closest to the Pacific coast, has a slightly milder climate. All five 
communities are situated in valleys which make them prone to frequent temperature 
inversions and pollutant trapping during the winter months although inversions in 
Terrace are much less frequent due to better atmospheric dispersion from stronger 
outflow winds. Due to seasonal variations in regional pressure patterns and valley 
steering, down-valley wind flows are most prevalent during the cold temperature 
months (October-April) and up-valley flows are more common during the warm 
temperature months (May-September) (Figure 1.5). 
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Figure 1.4. Temperature records measured at the BC MOE monitoring stations (24-hour average) by 
month. Dates listed above each graph indicate historical period included. 
PM2.5 concentrations tend to be elevated during the heating season with peak 
concentrations in November, December, and January (Figure 1.6). This seasonal trend 
can be attributed to pollutant trapping caused by an increase in the frequency and 
strength of atmospheric stability during the winter months as well as seasonal 
contributions of PM25 from sources such as residential wood smoke. The strength of the 
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Figure 1.5. Historical wind speed and wind direction (hourly average) data collected at BC MOE 
monitoring stations. Data are divided into May through September (non-heating season) and October 
through April (heating season). The period of data included is the same as Figure 1.4. 
7 
30 
I 
§ 
o 153 
2 4-) 
c (D 
O 
c 
o 
0 
m 
01 
CL 
20-
10 
0 
JO 
20 
10 H 
0 
30 
0 
111 
I-
20 
10 -
0-
TfcneKMfiftMtoWaioW 
Wk—:2tQttMlo30S»tt«7 
1^ 
I 
X 
awMtrtKtmwMiiiaesnCT 
!£ l i  
20 
10 
I 
* 
I 
96 - 98 percentile 
95* p*rctrtito 
Mean{*J M«San 
5 percertie 
2* - 4* p*fc«niil« 
Figure 1.6. TEOM PM2.5 concentrations (24-hour average) by month measured at the BC MOE 
monitoring stations. Dates on title bars indicate historical period. Whiskers extend to 5th and 95th 
percentile. Points outside of whiskers represent data points that fall within the 2nd to 4th and 96th to 
98th percentiles. 
trend varies between the communities but is most prevalent in Houston, Telkwa, and 
Smithers where PM2 5 concentrations tend to be highest during the heating season 
(October through April). PM2.s concentrations prior to the beginning of this study 
(October 2007) have remained relatively stable during the heating season in Terrace, 
Smithers, and Houston (Figure 1.7). Trends could not be evaluated for Telkwa and Burns 
Lake because TEOM PM2.5 measurements in these two communities only began in 2006. 
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Figure 1.7. TEOM PM2.5 concentrations (24 hour averages) measured at the BC MOE monitoring stations 
during historical heating seasons (October - April). Whiskers extend to 5th and 95th percentile. Points 
outside of whiskers represent data points that fall within the 2nd to 4th and 96th to 98th percentiles. 
1.3 Study objectives 
The primary purpose of this work was to evaluate the spatial distribution and 
variability of residential wood smoke at the neighbourhood scale within Terrace, 
Smithers, Telkwa, Houston and Burns Lake. Three main objectives within this purpose 
were to (1) characterize baseline ambient residential wood smoke concentrations 
before the majority of wood stove exchanges occur, (2) identify neighbourhoods with 
persistent elevated wood smoke concentrations (i.e. wood smoke 'hot spots') and (3) 
assess the community-wide representativeness of PM25 measurements collected at 
each central monitoring station during the heating season. Potential impacts from slash 
burning activities within the region are also examined. 
While outcomes from this research are designed to inform subsequent WEST 
research and the Skeena-Bulkley Valley Woodstove Exchange Program, this work also 
contributes to the fields of air quality management and exposure assessment by 
demonstrating a novel method to characterize the spatial distribution of residential 
9 
wood smoke, identify wood smoke hot spots, and thereby, neighbourhoods that may 
pose increased risk for more frequent, elevated exposure to wood smoke. 
1.4 Thesis Outline 
This thesis is comprised of six chapters. The subsequent chapter, Chapter 2, 
reviews current literature pertaining to the health impacts and exposure to particulate 
matter, with a focus on biomass smoke. Methods suitable for detecting the presence 
of wood smoke and assessing its spatial distribution at the intra-urban scale are also 
discussed. 
Chapter 3 describes the methods used in this study to collect field measurements 
(section 3.1), perform laboratory measurements (section 3.2), and data analyses 
(section 3.3). Standard operating procedures pertaining to the methods are provided in 
Appendices A through D. 
Chapter 4 presents the results and is divided into three subsections. Section 4.1 
summarizes and compares the meteorological and PM2.s data during the sample period 
to historical data. Section 4.2 reports the measures obtained from samples collected at 
the fixed-sites. Assessments pertaining to the prevalence of wood smoke in the 
communities, temporal trends between the 2007-08 and 2008-09 heating seasons, and 
potential impacts from slash burning within the region are provided. Section 4.3 
focuses on the mobile monitoring that was conducted to characterize the spatial 
distribution and structure of wood smoke at the neighbourhood scale, identify 
persistent wood smoke hot spots, and evaluate the community-wide 
representativeness of TEOM PM2.s measurements collected at the central monitoring 
10 
station in each community. Detailed records of samples collected at the fixed-sites and 
during mobile monitoring are provided in Appendices E and F respectively. 
The results of this work are discussed in Chapter 5 and address conclusions that 
can be made from the data as well as the associated limitations. Comparisons of the 
results are also made to other related research. The final chapter, Chapter 6, 
summarizes the key findings and recommendations regarding methods used in this 
work. 
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2 LITERATURE REVIEW 
2.1 Particulate matter and human health effects 
The association between exposure to air pollution and negative health effects has long 
been recognized (Brimblecombe, 1987; Nemery et al., 2001). Through the early to mid-20th 
century, it was thought that only high concentrations of air pollution posed health risks. In 
the 1990's, a number of studies reported an association between health effects and fine 
particulate matter at surprisingly low concentrations which precipitated additional research 
of this pollutant (Pope & Dockery, 2006). 
Over the past three decades, an extensive amount of research has been conducted to 
gain a more specific understanding of health risks associated with particulate matter and to 
identify biological pathways that explain the observed effects in exposed populations. 
Several reviews have been written to summarize various aspects of the topic (Bascom et al., 
1996a; Bascom et al., 1996b; Brook et al., 2010; Goldberg et al., 2003; Pope & Dockery, 
2006). The central conclusion taken from the literature is that substantial evidence exists to 
link short- and long-term exposures to urban ambient particulate matter with respiratory 
and cardiovascular related morbidity and mortality. Globally, this public health burden is 
estimated to cause approximately 800,000 premature deaths per year and 6.4 million years 
of life lost in urban areas (Cohen et al., 2005). 
Morbidity outcomes related to respiratory illness include chronic cough, bronchitis, 
exacerbation of asthma (Dockery et al., 1989; Donaldson et al., 2000; Samoli et al., 2011), 
increased respiratory-related hospital visits (Lipsett et al., 1997; Dominici et al., 2006), 
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reduced lung function and lung function growth in children (Gauderman et al., 2000; 
Oftedal et al., 2008; Rundell et al., 2008), and lung cancer (Pope et al., 2002; Turner et al., 
2011). Observed cardiovascular related outcomes include increased hospital admissions for 
congestive heart failure, cardiac arrhythmias, myocardial infarctions, and stroke as well as 
several precursory conditions associated with these endpoints (e.g. increased blood 
pressure, atherosclerosis) (Brook et al., 2010; Brook & Rajagopalan, 2010; Dominici et al., 
2006; Nuvolone et al., 2011; Peters et al., 2001; Suwa et al., 2002; Wellenius et al., 2006). 
Cardiovascular and respiratory related mortality have been associated with short- and 
long-term exposures. Relative risks are higher for long-term exposure (3%-95%, per 10-20 
Hg m"3 PM2.5 or PM10) relative to short-term (0.6%-2.2%, per 10-20 ng m"3 PM2.5 or PMi0) 
(Brook et al., 2010; Pope & Dockery, 2006; Samet et al., 2000; Laden et al., 2000). More 
recent studies have also demonstrated that total life expectancy increases (as high as 15%) 
and mortality decreases (relative risk 0.73%, per 10 ng m"3 decrease in PM2.s) when 
concentrations of particulate matter are reduced within cities (Laden et al., 2006; Pope et 
al., 2009). 
Several epidemiological and toxicological studies have identified plausible biological 
pathways that explain the observed health effects (Maier et al., 2008; Mills et al., 2005; 
Pope & Dockery, 2006; Valavanidis et al., 2008). Although more clarification is still needed, 
the general consensus is that biological pathways relating to oxidative stress, localized 
inflammation, and systemic inflammation can lead to a multitude of cardiopulmonary 
responses that ultimately result in various health endpoints such as those summarized 
above. 
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Beyond the general demonstration of particulate matter-related health effects, studies 
have also identified several potential risk factors that place certain populations at increased 
risk. These include age, particle properties, season, and geographic location (Bell et al., 
2008; Dominici et al., 2006; Kleeberger & Ohtsuka, 2005; Le Tertre et al., 2002; Sacks et al., 
2011). The elderly, children, and those with pre-existing disease or certain genetic 
predispositions are considered to be at increased risk because of various physiological 
conditions (e.g. smaller airways, impaired ability to clear particles from the respiratory tract, 
compromised or immature defense response, heightened sensitivity) (Sacks et al., 2011; US 
EPA, 2004a; US EPA, 2006). Some studies also indicated that socioeconomic status is a risk 
factor where populations of lower social class may be at higher risk due to higher exposures 
(Brochu et al., 2011; Jerrett et al., 2004; Naess et al., 2007) although other susceptibility 
factors such as stress, lifestyle, and access to health care are likely also important 
components of the increased risk for this population (Forastiere et al., 2007). 
In terms of particle properties, both PM2.5 and PMi0 are associated with health effects 
however closer associations have been observed with PM2.5 (Burnett et al., 2000; Dominici 
et al., 2006; Kleeberger & Ohtsuka, 2005; Laden et al., 2000; Schwartz et al., 1996; Wilson & 
Suh, 1997). This is believed to be related to both physical and chemical qualities of the 
particles. Smaller particle sizes (< 1 nm) are able to travel deeper into the lungs where 
reduced airflow rates decrease the probability and efficiency of particle clearance, and 
enable the particles to diffuse and deposit in the pulmonary region (Churg & Brauer, 1997; 
US EPA, 2009). Additionally, the surface area to mass ratio of particles increases with 
decreasing size, which indicates that smaller particles have greater potential to deliver a 
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larger dose of particle-bound compounds per unit of mass (Lightly et al., 2000). There is also 
evidence of translocation where, ultrafine particles (< 0.1 nm) and constituents bound to 
the surface of particulate matter can pass through the lung tissue and enter the circulatory 
system (Kreyling et al., 2006; Oberddrster et al., 2005; Nemmar et al., 2002; Wallenborn et 
al., 2008). While size is considered a noteworthy characteristic, some studies point towards 
the chemical composition of particles as a more important factor in terms of health 
outcomes (Gilmour et al., 2007; Samet et al., 2007). 
Combustion derived particles are of particular interest. They fall within the PM2.s 
fraction (largely < 0.1 nm), typically represent a significant portion of PM2.s in urban areas, 
and contain several constituents that are known carcinogens and mutagens (Morawska & 
Zhang, 2002). A number of studies have identified sulfates and black carbon as well as 
transition metals, and organic compounds as having stronger associations with health 
effects (Burnett et al., 2000; Diabate et al., 2011; Frampton et al., 1999; Janssen et al., 2011; 
Stoeger et al., 2009; WHO, 2003). Still, the toxicity of particulate matter is not well 
understood because of the complexity and dynamic nature of its composition (Pope & 
Dockery, 2006; Zimmermann, 2011). Improving the chemical speciation of particulate 
matter such as identifying individual compounds within the organic fraction (Grabowsky et 
al., 2011), understanding transformations that occur over time (Schnelle-Kreis et al., 2009), 
and potential synergistic interactions with co-pollutants, are recognized as important areas 
of future research in order to explicitly identify the causal agents relating health effects and 
exposure to particulate air pollution (Pope & Dockery, 2006; Zimmermann, 2011). 
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2.1.1 Biomass smoke 
Much of the initial research regarding the health effects from exposure to ambient 
particulate matter focused in large urban centres which are dominated by emissions from 
fossil fuel combustion. Biomass smoke, another ubiquitous source of combustion-derived 
particulate matter, has gained interest in recent years. 
Since the 1990's, there have been a number of review papers that have addressed 
health effects associated with biomass smoke. Larson and Koeing (1994), Boman et al. 
(2003), and Zelikoff et al. (2002) provided early reviews which (1) brought attention to 
residential wood burning as a potentially significant source of particle pollution within 
communities of developed nations (in some cases, representing > 80% of particulate matter 
during winter months), (2) identified physiochemical properties of wood smoke that hold 
the greatest potential to impact human health, namely, small particle size (< 0.1-0.3 urn) 
and several irritant, mutagenic, and carcinogenic constituents (e.g. PAHs and aldehydes), 
and (3) presented preliminary evidence of respiratory related health impacts resulting from 
wood smoke exposure, particularly in children. Based on the limited evidence available at 
the time, Boman et al. (2003) provided the initial suggestion that, respiratory health effects 
related to wood smoke exposure may be no less than particles produced from other 
combustion sources. Still, large uncertainties regarding (1) the toxicity of wood smoke 
particulate matter (as a whole rather than its individual constituents), (2) quantitation of 
exposure risks, and (3) identification of biological mechanisms related to the observed 
health effects were clearly expressed and provided the rationale and direction for further 
investigation. 
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In 2007, Naeher et al. published the most extensive review of wood smoke related 
health effects to date. The scope of the article covers epidemiological and toxicological 
studies that examined health outcomes from various wood smoke sources (e.g. 
forest/brush fires, agricultural burning, and residential wood smoke from cooking and home 
heating) for populations within developing and developed nations, as well as occupational 
groups (e.g. wildland firefighters). Four fundamental conclusions were formulated from the 
literature reviewed. First, exposure to wood smoke is associated with respiratory related 
outcomes. Second, wood smoke particles appear to provide the best means of assessing 
exposure to this mixture. These two conclusions are substantiated by (1) observations made 
over a gradient of wood smoke particle concentrations where exposures to high 
concentrations of wood smoke particulate matter elicit stronger effects relative to lower 
concentrations (Fick et al., 1984; Heumann et al., 1991) and (2) toxicology and controlled 
exposure studies that reveal compromised pulmonary defense mechanisms as a result of 
exposure to wood smoke particles (Barregard et al., 2008; Fick et al., 1984; Zelikoff et al., 
2002). 
Third, wood smoke may impose adverse effects on the cardiovascular system however 
the small number of studies considering this topic prevented the authors from being able to 
make a definite conclusion. Following the Naeher et al. (2007) review, a number of 
epidemiological and a few controlled exposure studies have provided additional supporting 
evidence that exposure to wood smoke can generate cardiovascular effects in humans. The 
first controlled wood smoke exposure study by Barregard et al. in (2006) (cited in Naeher et 
al. (2007)) demonstrated that short-term exposures (4 hours) to high concentrations of 
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wood smoke (240-280 |ig m"3) elicit biological markers that relate to cardiovascular 
morbidity and mortality. A second controlled exposure study by Ghio et al. (2011) detected 
systemic and pulmonary inflammation in healthy adults 20 hours after they had endured 
short-term exposures (2 hours) to high concentrations of wood smoke (485 ± 84 ng m"3) 
while exercising. Epidemiological evidence includes work by Swiston et al. (2008) who 
observed lung inflammation and an increased presence of white blood cells and band cells 
(markers of systemic inflammation) in firefighters that were acutely exposed to wood 
smoke the previous day. Cook stove interventions that led to ~60% reductions in daily wood 
smoke exposures for Guatemalan women, have also been associated with reduced blood 
pressure and cardiac stress (ST-depression) (McCracken et al., 2007; McCracken et al., 
2011). In a randomized cross over HEPA-filter intervention study conducted in Smithers, BC 
(one of the communities investigated in this thesis), R. Allen et al. (2011) reported a 
decreased presence of systemic inflammatory markers and endothelial dysfunction (an 
early marker for atherosclerosis) in healthy adults when already low indoor PM2.s and 
levoglucosan concentrations were further reduced with the use of HEPA air filters (10.5 to 
3.9 ng m"3 and 0.073 to 0.019 |ig m"3 respectively). 
Still, there are studies that have not found links between wood smoke exposure and 
respiratory and/or cardiovascular health outcomes. For example, a population based study 
examining wood smoke exposure during a forest fire event in British Columbia indicated 
increased physician and hospital visits for respiratory but not cardiovascular related illness 
(Henderson et al., 2011). As well, Sehlstedt et al. (2010) conducted a controlled exposure 
study and did not observe acute respiratory effects in healthy young adults when exposed 
to wood smoke for 3 hours while exercising, (mean PM2.5 concentration 224 ±22\ig m"3). 
The authors concluded that healthy adults are not adversely affected by short-term wood 
smoke exposure and cited inefficient particle deposition in the lungs (due to hygroscopic 
growth, Londahl et al. (2008)) and combustion conditions of the pellet stove used to 
generate the wood smoke, as possible explanations for the absence of acute health effects. 
Referring back to Naeher et al. (2007), the fourth major conclusion of the review was 
that particulate matter generated from wood combustion does not appear to be any less 
harmful than particulate matter derived from other combustion sources although the need 
to examine the relative toxicity of wood smoke was recognized. This is similar to the 
conclusion expressed by Bascom et al. in 2003, which, based on the four years separating 
the two reviews, indicates that assigning specific toxicities to air pollutants that have 
dynamic compositions, such as wood smoke, is a complex and challenging endeavour. 
Kocbach Boiling et al. (2009) provide an interesting discussion that relates to these 
challenges. They focus on physiochemical properties of wood smoke particles generated 
from residential heating appliances used in developed nations, how the particle properties 
change under various combustion conditions and over time, and the potential significance 
of the observed changes in terms of health effects. General conclusions from this paper 
indicate that particles produced during inefficient combustion conditions, such as 
smoldering and emissions from fireplace and conventional wood stoves, have a larger 
organic component (e.g. PAHs) and likely have higher lung deposition efficiencies. Whereas, 
particles produced during efficient combustion, such as emissions from large scale systems 
and advanced residential appliances available in Europe, tend to be dominated by inorganic 
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ash (e.g. alkali salts) which are deposited less efficiently in the respiratory tract due to 
hygroscopic growth. Although, the high water solubility of the inorganic ash particles may 
be an important quality in terms of biological effects at the cellular level. 
A number of recent studies have made comparisons between the relative toxicity and 
biological mechanisms elicited by wood smoke with other combustion sources (namely 
vehicle emissions). Results indicate that immune response to wood smoke and traffic 
particles is triggered through different mechanistic pathways (Kocbach et al., 2008; 
Samuelsen et al., 2009) and that wood smoke may have relatively less inflammatory but 
greater mutagenic effects (Cavanagh et al., 2011; Kocbach et al., 2008; Danielsen et al., 
2009). The organic fraction of wood smoke appears to elicit the strongest responses 
(Cavanagh et al., 2011; Danielsen et al., 2009; Danielsen et al., 2011; Jalava et al., 2010; 
Kocbach et al., 2008). The results from these toxicology studies are limited in that they 
cannot be extrapolated to humans and do not consider mediating processes such as 
respiratory tract deposition (Londahl et al., 2008; Londahl et al., 2009). Still, they provide 
important information about the biological effects of wood smoke, which are still not fully 
understood. 
2.2 Exposure to particulate matter and intra-urban variability 
Human exposure is the contact between pollutants and the boundary of the human 
body which, for air pollutants, typically refers to the respiratory tract but also external 
surfaces such as the skin and eyes (Ott, 1982). Exposure is the central link in the 
environmental pathway that describes the fate of air pollutants from their origin (emissions) 
to end point health effects: source emission dispersion and transport -> exposure 
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dose-> health outcome (Janssen & Mehta, 2006; Monn, 2001; Moschandreas & Saksena, 
2002). For this reason, obtaining accurate exposure estimates is imperative to be able to 
conduct quality epidemiological assessments. Direct approaches such as personal 
monitoring, are considered the gold standard because they capture specific indoor and 
outdoor environments that individuals are exposed to over space and time. However, these 
measurement methods often limit studies to small sample sizes due to their labour and cost 
intensive nature (Brauer, 2010; Briggs, 2000). 
Epidemiological studies frequently utilize measurements at ambient monitoring 
stations as surrogates for exposure because these measurements (1) are readily available, 
(2) relatively inexpensive, (3) can provide historical trends at high temporal resolutions, and 
(4) in several cases, have provided evidence that PM2.5 is spatially homogenous across urban 
areas which suggests that they may be a suitable proxy for personal exposure (Burton et al., 
1996; DeGaetano & Doherty, 2004; Martuzevicius et al., 2004; Roosli et al., 2001; Sarnat et 
al., 2010). However, several recent studies have reported opposing results, indicating that 
PM2.5 is spatially heterogeneous within urban areas (Wilson et al., 2005). Large spatial 
contrasts have been measured in the winter (Nerrier et al., 2005; Roosli et al., 2001), when 
localized sources such as traffic or wood smoke are present (Chan et al., 2001; Ito et al., 
2004; Kim et al., 2005; Wang et al., 2011b; Wilson et al., 2006; Wongphatarakul et al., 
1998), in complex terrain (Goswami et al., 2002), and during various meteorological 
conditions (Bell et al., 2011; Roosli et al., 2001). Moreover, the chemical constituents of 
PM2.5 have been identified as spatially variable within several cities (Bell et al., 2011; Hoek 
et al., 2002; Viana et al., 2008). Depending on the toxicities of the pollutants present, it may 
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be important to consider these spatial contrasts when evaluating health risks (Franklin et 
al., 2008). In fact, a few studies that have considered intra-urban gradients of particulate 
matter have reported higher relative risks of adverse health outcomes compared to studies 
that have relied on between-city exposure contrasts (Jerrett et al., 2005b; Miller et al., 
2007). These results demonstrate the potential importance of obtaining exposure estimates 
at an appropriate spatial scale in cases where strong gradients of particulate matter exist. 
Evidence from the research presented suggests that characterizing the spatial 
distribution and chemical constituents of localized particle sources within communities will 
help to improve the accuracy and specificity of particulate matter risk estimates and identify 
target areas, pollutant sources, and subpopulations that hold the greatest potential to 
benefit from policy intervention. 
2.2.1 Residential wood smoke 
2.2.1.1 Exposure 
The potential of exposure to wood smoke in communities impacted by residential wood 
burning is very high. Wood burning is most prevalent during time periods when people are 
at home (evenings, early mornings, and weekends) and when temperatures are cold 
(Gaeggeler et al., 2008; Krecl et al., 2008). These conditions also often coincide with greater 
atmospheric stability (Oke, 2001). As a result, pollutants become trapped near the ground 
surface increasing the potential for wood smoke exposure within the neighbourhood. 
The small size of wood smoke particles (0.1-0.3 nm) (Kleeman et al., 1999; Pettersson 
et al., 2011) allows them to remain suspended for significant periods of time (~l-48 hours) 
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(Jordan et al., 2006), and infiltrate indoors. Particles that are 0.2 nm -0.3^m in diameter 
have the greatest potential to penetrate indoors (Bennett & Koutrakis, 2006) although 
home dynamics, such as ventilation conditions, also significantly influence particle 
penetration efficiencies (Barn et al., 2008; Long et al., 2001). 
The high exposure potential of residential wood smoke has been demonstrated by Ries 
et al. (2009) who estimated the annual intake fraction of wood smoke in Vancouver, British 
Columbia (14 [uncertainty range: 4.5-50]). The intake fraction represents the mass 
proportion of wood smoke inhaled by a population relative to the total mass emitted 
(Bennett et al., 2002; Marshall & Nazaroff, 2006). Reis et al. (2009) suggest that the intake 
fraction of wood smoke in Vancouver is likely comparable to vehicle emissions. Since only 
one-third of households have wood burning appliances and residential burning is primarily 
used for aesthetic purposes in the city, the relatively high intake fraction reported highlights 
the importance of including air quality management strategies that specifically address the 
control and reduction of this pollutant. 
2.2.1.2 Intra-urban spatial variability 
In communities impacted by residential wood burning, PM25 often exhibits a signature 
diurnal pattern that can be explained in terms of human activity. The most dominant PM2.s 
peak is commonly observed in the evening which corresponds with people arriving home 
from work and firing up their wood burning appliances (Gaeggeler et al., 2008; Krecl et al., 
2008; Trompetter et al., 2010). In some cases a second early morning peak is also evident 
and is indicative of people waking up and adding additional wood to their appliances to 
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warm up the home (Poulain et al., 2011). Relatively higher wood smoke levels have also 
been observed during weekends when more people tend to be at home. 
In contrast to fairly consistent diurnal trends that represent contributions from the 
community as a whole, the spatial variability of residential wood smoke is generally 
expected to be more variable over an evening. It is released from numerous independent 
localized sources. As well, emission rates vary widely over time and between individual 
emission sources (0.9 g kg^e.O g kg"1) (Fine et al., 2004b; Jordan & Seen, 2005; McDonald 
et al., 2000). The type of burning appliance, burn rate, and wood properties such as species 
and moisture content are all significant factors of particle emission rates (Leese et al., 1989; 
Hueglin et al., 1997; Johansson et al., 2003; Jordan & Seen, 2005; McDonald et al., 2000). 
Other factors that influence the spatial variability include burning frequency (i.e. primary 
heating, secondary heating or aesthetic appeal), variability of personal routines (e.g. home 
early/late from work, out for the evening, on holidays), and meteorology. 
In terms of epidemiological research, characterizing the spatial variability of wood 
smoke at the neighbourhood scale is important to reduce exposure misclassification and 
identify populations regularly exposed to wood smoke. In terms of air quality management, 
understanding the spatial distribution of individual pollutant sources such as wood smoke 
helps to identify the pervasiveness of the pollutant across a community and identify areas 
with the most consistent and/or highest wood smoke concentrations. This type of 
information is a valuable prerequisite for the development and implementation of effective 
management and mitigation actions that aim to reduce ambient air pollution 
concentrations and exposure. 
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2.3 Measuring wood smoke 
Attempting to measure a specific pollutant such as wood smoke in an urban 
environment can be challenging since ambient particulate matter is generally a mixture of a 
various sources (e.g. vehicle emissions, industrial emissions, locomotives, restaurants). This 
section reviews methods that have been developed to differentiate wood smoke from other 
sources of particulate matter and characterize the spatial distribution of the pollutant 
within communities. 
2.3.1 Chemical Tracers 
Chemical tracers are a useful tool to identify and quantify the contribution of 
specific pollutant sources. There are five general qualities of an ideal chemical tracer (Fine 
et al., 2004a; Khalil & Rasmussen, 2003). First, a tracer should be unique to its source. 
Second, the emission of the tracer should be consistent and independent of environmental 
and operational conditions at the source. Third, tracers should be inert. That is, they should 
maintain a consistent composition that can be attributed and quantified from specific 
sources. Fourth, the abundance of the tracer should remain proportional to the pollutant 
emitted and be emitted in sufficient abundance to be detected. Fifth, tracers should be able 
to be measured with high precision. While these qualities serve as a guideline to identify 
suitable chemical tracers, in reality, no actual tracer meets all five criteria (Khalil & 
Rasmussen, 2003). 
Wood burning is a set of complex interdependent chemical reactions which produce 
hundreds of compounds that originate from the major components of wood (cellulose, 
lignin and resins) when it degrades during combustion and pyrolysis (Shafizadeh, 1984). 
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Several of these compounds have been identified as suitable chemical tracers for wood 
smoke however the exact composition of the smoke produced is highly variable and 
dependent upon the chemical composition of the wood (which can vary substantially 
between species) as well as combustion conditions (Fine et al., 2004b; Rogge et al., 1998; 
Simoneit, 2002). These differences have been investigated to identify tracers that are 
specific to certain species or wood types. For example, Fine et al. (2004a) identified 
friedelin, as a compound that only exists in the bark of white oak amongst all North 
American tree species. Several phenolic and diterpenoid compounds have also been used to 
distinguish hardwoods from softwoods (Bari et al., 2010; Hawthorne et al., 1989; Simoneit 
et al., 1999). This is possible because the presence/absence or low/high concentrations of 
certain compounds in the different types of wood (e.g. derivatives of syringols in hardwoods 
and resin acids in softwoods). 
There are also a number of more generic wood smoke tracers that apply to all types 
of wood. Potassium is commonly used as a wood smoke tracer (Keywood et al., 2000; Ryu 
et al., 2007). After organic carbon and elemental carbon, it is the next most abundant 
component of particulate matter (Schauer et al., 2001). However, it is emitted in varying 
quantities among different wood types and is also emitted from other sources such as meat 
cooking and soil (Hildemann et al., 1991). Methyl chloride, a gaseous compound, is one of 
the earlier tracers identified. Its strengths include relatively consistent emissions rates 
however there are number of natural sources (oceans, fungal activity in soils) that 
contribute to background concentrations. Kahil et al. (2003) found that the excess methyl 
chloride emitted from wood burning was relatively small compared to background 
concentrations and combined with imprecise measurement techniques, significant 
uncertainty is introduced into wood smoke estimates. Another alternative, carbon-14 has 
been successfully used to identify wood smoke and differentiate it from fossil fuel emissions 
(Klinedinst & Currie, 1999; Sheffield et al., 1990; Szidat et al., 2007). The high cost of 
analysis is the main disadvantage of this method. Several PAHs in conjunction with other 
wood smoke compounds, have also served as wood smoke tracers (Bari et al., 2009; Bari et 
al., 2010; Keywood et al., 2000). Although as individual compounds, PAHs are not unique to 
wood smoke (Oros & Simoneit, 2001). 
Currently, one of the most commonly utilized wood smoke tracers is levoglucosan 
(1, 6-anhydro-b-D-glucopyranose), a monosaccharide anhydride. It only forms during the 
combustion of cellulose which occurs when temperatures are 300°C -500°C (Shafizadeh, 
1984). This condition makes levoglucosan a specific tracer to biomass combustion as it is 
not produced during other activities such as baking (starch-containing foods) because 
temperatures remain below the critical range for levoglucosan formation (Simoneit, 2002). 
Other favourable qualities of levoglucosan as a wood smoke tracer include that it is one of 
the most abundantly produced organic compounds in wood smoke (Fine et al., 2004b) and 
is only associated with the particle phase (Simoneit et al., 1999). Although, its emission is 
inconsistent and dependent upon fuel type and combustion efficiency (larger emissions 
during less efficient burning) (Fine et al., 2004b; Hedberg et al., 2006). Earlier research 
indicated that levoglucosan is stable in the atmosphere, even when exposed to sunlight 
(Fraser & Lakshmanan, 2000; Simoneit & Elias, 2000). More recent work gives less 
confidence in the stability of the tracer, particularly when assessing long distance transport. 
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Lab tests have demonstrated that levoglucosan can degrade when exposed to hydroxyl 
radicals in humid (cloud-like) conditions (Hennigan et al., 2010; Hoffmann et al., 2010). 
However once a sample is collected, levoglucosan has shown to be stable for moderate 
periods of time (~10 years) when stored in dry conditions at room temperature (Louchouarn 
et al., 2009). 
2.3.2 Optical properties 
Wood smoke particulate matter is comprised of three major components: organic 
matter (~50% - 80%), elemental carbon (sometimes referred to as black carbon) (~3% -
30%), and trace inorganic species (< 5%) (Fine et al., 2004b; Reid et al., 2005; Schauer et al., 
2001). Elemental carbon (EC) forms during incomplete combustion and has strong light 
absorbing properties (Horvath, 1993; Liousse et al., 1993). Recent studies have shown that 
the organic component of wood smoke also absorbs light ("brown carbon") (Andreae & 
Gelencser, 2006; Lewis et al., 2008). 
Since components of wood smoke do absorb light, simple reflectance measurements 
(e.g. Smoke Stain Reflectometer) can be used as a tool to indicate the presence of wood 
smoke. This method has been successfully used as an indicator of incomplete combustion, 
although it has most commonly been applied to samples dominated with traffic related 
emissions (Hoek et al., 2002; Kinney et al., 2000). Light reflectance measurements could 
also serve as an indicator of wood smoke, particularly when strong correlations between 
light reflectance and wood smoke tracers (e.g. levoglucosan) can be confirmed. 
Several studies have examined the light absorption properties of wood smoke and 
vehicle emissions at specific wavelengths of light (Day et al., 2006; Kirchstetter et al., 2004). 
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Results suggest that the organic component of wood smoke tends to absorb light most 
strongly in the UV and the lower range of the visible spectrum (blue wavelengths) (Andreae 
& Gelencs^r, 2006; Jeong et al.; 2004; Park et al., 2006). Whereas, EC (the dominant source 
of carbon in vehicle emissions) absorbs light from the near UV to near-infrared wavelengths 
(Jeong et al., 2004; Park et al., 2006; Sandradewi et al., 2008b). These differences of spectral 
properties between OC and EC have been used to distinguish wood smoke and vehicle 
emissions through the use of dual- or multi-wavelength aethalometers (Allen et al., 2004; 
Sandradewi et al., 2008b; Wang et al., 2011a). The suitability of dual-wavelength 
aethalometers as a wood smoke detection method has been confirmed by demonstrating 
that the Delta-C measurement of the aethalometer (i.e. the difference between the 
absorption at 370 nm and 880 nm) strongly correlates with levoglucosan concentrations 
(Wang et al., 2011a). Aethalometer measurements have been validated as a suitable 
indicator of wood smoke via source apportionment studies (Favez et al., 2010; Sandradewi 
et al., 2008a). 
Nephelometry, the measurement of light scatter, has also been used as a surrogate 
of fine particulate matter concentrations. Molenar and Meszaros (2001) demonstrated that 
the light scattering measured is predominantly generated from ultrafine particles (< 0.1 nm) 
rather than larger size fractions (PMi0). The scattering efficiency (relationship between light 
scatter and mass concentration) can also vary based on the pollutant source (Chow et al., 
2006). Higher scattering efficiencies (i.e. more light scatter per unit of particulate matter) 
have been reported for residential areas believed to be impacted by wood burning (5.1 m2 
g"1), relative to other sources such as traffic (2.3 m2 g"1) (Chow et al., 2006). Significant 
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differences were also observed between seasons with the highest scattering efficiencies 
and strongest (nephelometer-PM) correlations occurring during the winter, and lowest in 
the summer. These seasonal differences were largely attributed to particle size (larger 
proportions of PM2.s in the winter). Differences of scattering efficiencies observed in the 
literature confirm that the relationship between PM2.5 and nephelometric measurements 
should be determined on a site- and season- specific basis and in this way, can be used to 
quantify concentrations of particulate matter in areas impacted by source-specific 
pollutants such as wood smoke (Keywood et al., 2000). The utility of nephelometers as a 
wood smoke indicator has been demonstrated for areas dominated by wood smoke (G. 
Allen et al. 2011). These authors confirmed that nephelometers give a response that 
coordinates with a collocated dual-wavelength aethalometer in a wood smoke impacted 
region. Although, the magnitude of response between the two instruments varied (likely 
due to heterogeneity of wood smoke composition) which suggests that accurate 
quantitation of PM2.s from either of these instruments is uncertain. 
One issue pertaining to the use of nephelometers as a surrogate measure of 
particulate matter concentration is the importance of controlling the relative humidity of 
the sample. When relative humidity is > 60%, water condenses onto the particles causing 
the scattering to increase (Chow et al., 2006; Schmidhauser et al., 2009). Heated manifolds 
are typically used to maintain the RH of the sample below 60% to strike a balance between 
minimizing water condensation and loss of semi-volatile compounds from the sample 
(Chow et al., 2000; Chow et al., 2006). 
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2.3.3 Mapping the spatial distribution of wood smoke 
Measuring the spatial distribution of localized pollutant sources such as residential 
wood smoke is most commonly accomplished through fixed-site monitoring where samples 
are collected at several sites across the area of interest. To capture a high spatial resolution, 
a large number of samples are required. This approach works well for pollutants where 
passive sampling is possible, such as nitrogen oxides (NOx) (Gilbert et al., 2005; Henderson 
et al., 2007), due to the relatively low labour intensive nature of the sampling method. In 
terms of particulate matter, portable filter-based samplers are typically deployed (Goswami 
et al., 2002; Henderson et al., 2007). This sampling approach is much more equipment and 
labour intensive because a pump, that requires power and periodic calibration, is necessary 
for sample collection. As a result, capturing a spatially dense set of samples often requires 
staggering or rotating samples among sites. 
Over the past five years, a handful of studies have employed mobile monitoring as a 
novel method to map the spatial variability of residential wood smoke. In the majority of 
cases, an integrating nephelometer was used to collect measurements while driving 
throughout the communities. Robinson et al. (2007) collected nephelometric 
measurements along six designated transects (five cross-valley and one small up-down 
valley) in Armidale, a small Australian city (population ~22,000) where residential wood 
burning is common. This method was successful in locating areas most heavily impacted by 
wood smoke and capturing localized spatial gradients of the pollutant. Allen et al. (2012) 
demonstrated the utility of mobile monitoring as a tool for investigating spatial patterns of 
smoke in residential areas in a city with little historical air pollutant data (Ulaanbaatar, 
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Mongolia). G. Allen et al. (2011) monitored several communities across northern New York 
and used an aethalometer in conjunction with a nephelometer as a way to confirm the 
presence of wood smoke during monitoring (Allen et al., 2004). Larson et al. (2007) used 
mobile monitoring to capture the spatial variability of wood smoke across metro Vancouver 
and Victoria, BC. Since the study areas were large, complete measurement surveys were not 
possible. Routes were constructed to capture the maximum spatial variability of the 
pollutant. These data then served as the dependent variable in a land use regression model 
(LUR) designed to predict wood smoke. 
Mobile monitoring has several strengths. It is a relatively economical and flexible 
method that can capture a much higher spatial resolution of particle concentrations across 
various terrains, land use areas, and pollutant gradients than what is capable with a fixed-
site network or collection of stationary monitors. Such data are beneficial for investigating 
areas of interest such as localized hotspots, can provide data for model validation, and be 
useful for siting suitable locations for fixed-site monitoring stations. The flexibility of the 
method provides opportunity to conduct a focussed assessment on specific pollutant 
sources. For example, the monitoring of residential wood smoke is generally conducted on 
cold winter evenings when wood smoke concentrations are expected to be elevated and 
traffic emissions are minimized. Finally, mobile monitoring can be quickly deployed which 
makes it useful in emergency situations (e.g. an accidental release) or to capture 
unpredictable events such as forest fires. 
In terms of limitations, mobile monitoring only captures concentrations at a single 
location for each point in time. As a result, obtaining an accurate representation of the 
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spatial distribution of a pollutant could be challenging if concentrations change considerably 
over short time periods. As well, mobile monitoring requires the attendance of a technician 
which makes it less suitable for frequent, repeated assessments conducted over long 
periods of time. With respect to the nephelometer itself, its response is not consistent 
across all pollutant types therefore estimating accurate PM2.5 concentrations becomes 
challenging in environments with a mix of pollutant sources. Although, supplementing the 
nephelometer with additional instrumentation shows promise in differentiating specific 
pollutant sources such as traffic emissions and wood smoke (G. Allen et al., 2011). 
2.3.3.1 Spatial Interpolation 
With advancements in GIS technology, spatial interpolation has become a practical 
tool for creating continuous surfaces of air pollutant concentrations from point 
measurements collected within communities and across regions. This method creates a 
continuous surface by using neighbouring measured points to predict concentrations at 
unmeasured locations. By design, it is best suited for situations where a relatively high 
density of measured points is available across the area of interest (US EPA, 2004b). There 
are several types of spatial interpolation methods such as nearest neighbour, splines, 
polynomial interpolation, IDW, and kriging. The latter two are commonly used to map air 
pollution (Jerrett et al., 2005c; Wu et al., 2006) and are described in the remainder of this 
section. 
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Inverse distance weighting (IDW) is a deterministic method of spatial interpolation 
that utilizes neighbouring points to estimate values at unknown locations. It is a relatively 
straightforward approach that does not require any assumptions about the data. The user 
can regulate the interpolation by selecting the number and weight of measured points 
included in the estimation (Equation 2.1) (Johnston et al., 2003). The size and shape 
(anisotropy) of the search neighbourhood can also be controlled. If the measured data are 
collected at a sufficient resolution to capture the true range and spatial distribution of the 
variable of interest and appropriate model parameter values are chosen, IDW can provide 
further insight about the spatial distribution of pollutants across an area of interest and 
thereby potentially improve exposure estimates (Al-Hamdan et al., 2009; Wu et al., 2006). 
Still, IDW has a number of noteworthy limitations. It is an average therefore all estimated 
values are constrained by the range of measured values. As a result, the data are smoothed, 
Equation 2.1 
yN{va) 1 
=  
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Where, 
v0  = the estimated value at location (x0 ,y0  ,z0 )  
i?i = the measured value at location (x i tyi ,z t )  
h t  = the distance between the estimated location (x0 ,y0  ,z0 )  and measured location 
(%i>yi >^i) 
P = positive power parameter, a function that controls the amount of weight applied 
to v0  based on the distance of the neighbouring measured values {v t )  
N(v0) = the number of data points used to estimate v0  
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minimum values tend to be overrepresented, and maximum values underrepresented. IDW 
is also susceptible to the bull's eye effect (measured points tend to appear as local 
extremes) and edge effects which are caused by the absence of data beyond the edges of 
the measured area (Jerrett et al., 2005a; Johnston et al., 2003). Finally, even though the 
magnitude of prediction error can be evaluated for IDW models (root mean squared error, 
RMSE), the deterministic nature of the method does not allow the variability (and thereby 
quality) of prediction errors to be determined. 
Kriging is similar to IDW in that values at unmeasured locations are estimated by 
using a weighted average of neighbouring points. However, kriging is a more sophisticated 
interpolation because it includes deterministic and probabilistic components (Equation 2.2) 
(US EPA, 2004b). The deterministic component (u(x,y)) describes large-scale spatial trends 
within the data. When large-scale trends do not exist, simple or ordinary kriging can be 
performed where u(x,y)is represented by a constant (the mean value across the spatial 
domain). Otherwise universal kriging is used and u(x,y)is a function that describes a non-
constant global trend within the data. These trends should represent a condition that can 
be related to the process being modelled (e.g. a gradient of pollutant concentration caused 
by wind transport). Once the deterministic component has been satisfied, the remaining 
small-scale random fluctuations are modelled through the probabilistic component 
(e(x,y)). The small scale fluctuations are fit to a statistical model, called a semivariogram 
which describes spatial dependence within the data. 
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Equation 2.2 
Z(x,y)  = uix.y)  + e(x,y) 
Z(x,y) = kriging model at all points in space across a spatial domain (e.g. a community) 
u(x,y) = global trend across the domain 
e(x,y) = local scale random fluctuations within the domain 
More specifically, semivariograms describe the averaged sum of squared differences 
for all measurements that are equally distant from one another (Equation 2.3). These 
models require the data to be second-order stationary (i.e. the mean is constant across the 
domain and covariance is solely dependent on the distance between points) (Cressie, 2000). 
These requirements are achieved by removing global trends (as described above) and 
ensure that the data are spatially dependent. If spatial dependence is absent, kriging will 
produce estimates equivalent to the arithmetic mean (Armstrong, 1998). 
Equation 2.3 
Y W
~ 2 N ( h ) Z [z(Xi) Z(*°)]2 
X i - X 0  =  h 
Where, 
y(h) = semivariance for points separated by a distance of h 
N(h) = the number of point pairs that are separated by a distance of h 
z(xi),z(x0) = parameter values at (*i) and (x0) 
An empirical semivariogram ( f (h))  describes the semivariance of measured values 
(for all h). Since the total number of discrete h is often very large, point pairs that have 
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similar h are generally binned together. N in Equation 2.3 then represents all point pairs 
within each bin. There are several suggestions in the literature regarding appropriate bin 
selection. Some recommend a minimum number of pairs per bin (e.g. 30 - 50) (Chiles & 
Delfiner, 1999; Journel & Huijbregts, 2003) while others suggest that the product of the bin 
size and number of bins should approximately equal half the distance that separates the 
two furthest points (ESRI, 2003). In general, it is important to recognize that large bins 
reduce spatial resolution while bins that contain too few data pairs can result in an unstable 
variogram (Journel & Huijbregts, 2003). 
Once the empirical variogram has been created, a suitable theoretical 
semivariogram is then fit to the data. The most common fitting method is least-squares 
curve fitting (along with visual inspection) however other parametric (e.g. maximum-
likelihood estimation) and non-parametric methods can also be performed (Cressie, 1993). 
There are several types of theoretical semivariograms, two commonly used for air pollutant 
data are spherical and exponential (US EPA, 2004b) (Figure 2.1). 
Standard parameters of these theoretical variograms include the nugget, sill, and 
range (Cressie, 1993; Ripley, 1981). The nugget represents measurement error and 
microscale variation not captured by the measured points. In graphical form, it is the y-
intercept of the semivariogram (Chiles & Delfiner, 1999)(Figure 2.1). The (total) sill 
represents the variance of the data. It is the point where the semivariance reaches a 
maximum and levels out. The partial sill is the total sill minus the nugget. Finally, the range 
is the distance (h) at which the sill is reached. It represents the point where autocorrelation 
reaches zero (i.e. no spatial structure beyond h). 
After the spatial structure of the data is quantified through variography, the fitted 
model is used to estimate values at unmeasured locations in a similar manner as IDW 
(Equation 2.4). Weights applied to neighbouring points are dependent upon the fitted 
semivariogram (r) and distance between the location to be estimated and surrounding 
measured points (g) (Equation 2.5). In order to ensure the predictor is unbiased and 
minimizes the difference between the predictor and the true value of Z(s0), the weights 
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Figure 2.1. Spherical and exponential semivariograms. c0 = nugget, c = sill, r = range, h = distance 
separating two points. 
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Equation 2.4 
N  
Z(s„) = ^A(Z(s() 
(=i 
2(st) = measured value at S* 
Xt = unknown weight for Z(s,) 
2(s0) = predicted value at s0 
Equation 2.5 
T x X = g therefore, 
X = r_1 x g 
r = matrix of semivariance values for all pairs of measured points 
X = vector of weights to apply to measured points 
g = vector of semivariance values at unmeasured location 
are solved using linear algebra with the constraint that the sum of the weights (A*) must 
equal one. 
Final model selection is based on model validation, visual inspection, and knowledge 
about the behaviour of the variable within the domain of interest (US EPA, 2004b). The 
most common statistical validation method is leave-one-out-validation where one 
measured point is removed from the data set, the selected model is used to generate a 
predicted value at the location of the observed value and the residual is calculated (i.e. 
difference between predicted and observed). This process is repeated for each measured 
point. The residuals are then used to assess model performance however it is important to 
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keep in mind that choosing the best fit model should not supersede another that is 
statistically less optimal but provides a better depiction of the process of interest. 
There are other, complexities that can be incorporated into kriging such as 
semivariograms that account for spatial correlation according to direction (anisotropic 
semivariograms). In addition to the methods described, there are also several other forms 
of kriging that can be used to address different types and qualities of data. For example, 
indicator, probability, and disjunctive kriging incorporate binary data and can be used in 
situations where presence/absence or thresholds are of interest (Johnston et al., 2003). 
Kriging with external drift (KED) and co-kriging include additional predictor variables to 
improve prediction (Johnston et al., 2003; US EPA, 2004b). 
2.4 Summary 
Evidence from epidemiological studies has provided consistent and convincing 
evidence that exposure to particulate matter is linked to adverse health effects. Currently, 
there is a need to gain a more specific understanding of which pollutant sources may pose 
the greatest risks. Residential wood smoke has been identified as a pollutant of interest 
because there is a high potential for repeated exposure to elevated concentrations, it 
contains several health hazardous constituents, and there is anticipation that this pollutant 
may increase within communities as energy costs rise. 
In order to understand the impacts and improve exposure estimates for localized 
pollutants such as residential wood smoke, it is necessary to characterize intra-urban 
gradients over time and space. This thesis demonstrates a method that is suitable for small 
communities to (1) obtain a detailed community-wide characterization of the spatial 
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distribution and variability of residential wood smoke, (2) identify persistent wood smoke 
hot spots, (3) evaluate the prevalence of wood smoke, and (4) assess the representation of 
existing central monitoring station(s) and/or identify optimal locations for future air quality 
monitoring stations. 
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3 MEASUREMENTS AND METHODS 
3.1 Data collection 
Data collection methods used in this study were largely based on methods presented 
in Larson et al. (2007) and included two monitoring platforms: fixed-site and mobile 
monitoring. Fixed-site monitoring entailed the collection of meteorological, PM2.s, and 
nephelometric measurements at the BC Ministry of Environment (BC MOE) monitoring 
stations in Terrace, Smithers, Telkwa, Houston, and Burns Lake. Mobile monitoring involved 
equipping a vehicle with an integrating nephelometer and GPS which were used to capture 
the spatial variation of residential wood smoke in each of the five communities at the 
neighbourhood scale during evenings when wood smoke concentrations were expected to 
be high. 
1.1 Fixed-site monitoring 
The BC MOE monitoring stations were chosen for fixed-site sampling because they 
are centrally located, have TEOM (Tapered Element Oscillating Microbalance) PM2.5 
monitors which provided a continual temporal record of PM2.s in each community and 
served as means of comparison for samples collected specifically for this study (Figure 3.1 
and Table 3.1). The stations also provided a secure environment with a reliable power 
source for the study-specific instrumentation. 
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Telfcwa Houston 
Smithers Terrace 
Figure 3.1. Photos of the BC MOE monitoring stations utilized in this study. Harvard Impactors and Leiand 
Legacy pumps were housed in Pelican cases (black boxes). 
Table 3.1 Location and measured parameters at BC MOE stations utilized in this study (corresponding 
photos in Figure 3.1). 
Community 
Address 
Station ID 
Land use Co-ordinates Elevation (m) 
Meteorological 
Data 
(1 hour average) 
Burns Lake 8 - 4
th Ave 
E225267 Commercial 
54° 13" 51' N 
125° 45" 52' W 67 
PM25, PM10, Temp, 
Wspd/Wdir 
Houston 3382 - 11
th St 
M107004 
4020 Broadway 
Commercial/ 
Residential 
54* 23" 50' N 
126° 38" 42' W 497 
PM2.5, PM10, Temp, 
Wspd/Wdir 
Smithers Ave 
M107005/ 
E206589 
School/ 
Residential 
54° 46" 59' N 
127° 10 37' W 515 
PM2.5, PMio, Temp, 
Wspd/Wdir 
Telkwa 1304 Birch St 
E230557 Residential 
54° 41" 28' N 
127* 03 17' W 603 
PM25,Temp, 
Wspd/Wdir 
Terrace 
104 - 3220 
Eby St 
M107028 
Commercial/ 
Residential 
54° 31" 06' N 
128° 35" 51' W 711 
PM2 5, PM10, Temp, 
Wspd/Wdir 
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3.1.1.1 Instrumentation and sampling procedures 
Hourly average TEOM PM2.5 and TEOM PMi0 concentrations, temperature, wind speed 
and wind direction measured at the central monitoring stations were retrieved from the BC 
MOE air quality online database. These data were subject to quality assurance checks 
performed by the BC MOE. In addition to BC MOE data, integrated PM2.5 samples were 
collected at each of the stations. Sample collection methods are described below. 
3.1.1.1.1 Harvard Impactor PM2.S sampling procedure and quality control/assurance 
Harvard Impactors (Air Diagnostics and Engineering, Inc., Harrison ME) and Leland 
Legacy pumps (SKC Inc.) were used to collect integrated PM2.5 samples on Teflon filters (37 
mm PTFE Membrane W/PMP Ring) from October 2007 to April 2009 in Smithers, Telkwa, 
Houston, and Burns Lake. Sample collection in Terrace began in October 2007 and ended in 
September 2008. Each filter collected a 48 hour sample over a two-week period. The Leland 
Legacy pumps were programed to start at 1700 LST on day 1 and were programmed to run 
at 10 L min"1 on a pump duty cycle of 10 minutes on/60 minutes off until 1600 LST of day 14 
(total sample volume 2880 L). The sample periods were consecutive with the exception of 
the 24 hours following the completion of the sample during which technicians would visit 
the sites to conduct filter replacements, maintenance, and pump calibrations. To allow 
sufficient time for technicians to travel between sites, Burns Lake and Houston were 
programmed for the same 14-day cycle. Telkwa and Smithers ran on a 1-day lag relative to 
the previous two communities. The Terrace schedule was somewhat varied due to a 
number of technical issues but was always within one day of the other four communities. A 
total of 38 samples were collected at each site (23 in Terrace) using this sampling format. 
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The Harvard Impactors and Leland Legacy pumps were 
housed in weatherproof Pelican cases (Figure 3.2). Leland Legacy 
pumps were wrapped in plumbing heating tape with a 
thermostat that would turn on when temperatures dropped 
below 4°C. All of the equipment was powered by electrical 
outlets at the BC MOE stations. 
Prior to sampling, the Teflon PM2.5 filters were pre-weighed 
in a climate and humidity controlled room at the School of 
Occupational and Environmental Hygiene lab of the University of 
British Columbia (UBC SOEH) in Vancouver, BC. Each filter was 
placed in an individual Petri dish and three identical identification labels were affixed to the 
lid. One label remained on the Petri dish at all times, the second label was placed onto the 
Fixed-Site Harvard impactor Sampling Log Sheet (Appendix A, Table A2) when the filter was 
loaded into the Harvard Impactor for sampling, and the third label remained with the 
sample filter at all times. It was adhered to the Harvard Impactor while the filter was 
collecting a sample then placed back onto the Petri dish after the sample had been 
collected. 
To minimize the potential for contamination, filters were prepared in the Smithers MOE 
laboratory before they were transported to the field for sampling. The filters were 
inspected for damage and contamination, loaded into Anderson filter holders and then 
placed back into their labelled Petri dishes. Back-up filters were used as replacements if the 
original filters were found to be damaged or contaminated. 
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Figure 3.2. Photo of a 
Harvard Impactor and 
Leland Legacy Pump 
(wrapped in heating tape). 
Filters were changed into and out of the Harvard Impactors on-site. Prior to sampling, 
the Leiand Legacy pump was allowed to warm up for at least 5 minutes then the flow rate 
was checked (outdoors) with a BIOS DryCal DC-Lite calibrator (BIOS Inc.). The flow rate was 
adjusted to 10.00 ± 0.20 L min"1 and allowed to run until the calibrator completed 3 sets of 
10 measurements. If the flow rate remained within 10.00 ± 0.20 L min"1, the flow rate was 
recorded onto the Fixed-Site Harvard Impactor Sampling Log Sheet (Appendix A, Table A2) 
otherwise the flow rate would be readjusted until it remained within the accepted range for 
3 sets of 10 measurements. 
After each sampling period, the flow rate was re-measured (outdoors) with the BIOS 
Dry Cal (3 sets of 10 measurements) and recorded on the Fixed-Site Harvard Impactor 
Sampling Log Sheet (Appendix A, Table A2) along with the pump volume and sampling time. 
The Harvard Impactor and Leiand Legacy pump were then brought indoors to prepare the 
equipment for the next sample. 
The loaded Teflon filter was removed from the Harvard Impactor and placed back into 
its original labelled Petri dish. The Harvard Impactor was then completely disassembled, 
cleaned with alcohol and Kimwipes and allowed to dry. A clean, oiled impactor plate and a 
new sample filter were installed into the clean, dry, and reassembled Harvard Impactor. 
Data were downloaded from the Leiand Legacy pump and the pump was programmed 
to start at 1700 LST (day 1 of 14) and finish at 1600 LST (day 14 of 14) (see Appendix A, 
Table A1 for the sampling schedule). The Harvard Impactor and Leiand Legacy pump would 
then be reattached and calibrated as described above. 
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Loaded filters were brought back to the Smithers BC MOE laboratory, removed from 
the Anderson filter holders, and stored in a cooler until shipped to UBC SOEH for analysis. 
Dirty Anderson filter holders were wiped down with alcohol and Impactor plates were 
cleaned in an ultrasonic bath filled with distilled water that contained a mild detergent. 
This protocol was carried out as described for all communities except Terrace where 
the same procedures were completed but the entire Harvard Impactor (with sample filter 
inside) was shipped back to Smithers for cleaning and filter replacement. The protocol was 
slightly different for Terrace because access to an indoor environment was not available at 
this site. Detailed protocols for the Harvard Impactor sampling are located in Appendix A. 
For quality assurance purposes, 8 field blanks were collected at each site (3 in Terrace) 
throughout the study period which equates to 34% of the total number of samples collected 
in each community (13% for Terrace). Field blanks were inserted into the (cleaned) Harvard 
Impactors then immediately removed prior to the pump calibration. From October 2007 -
August 2008, the field blanks were then placed back into their labeled Petri dish, sealed in 
Ziploc bags, and stored in the Pelican case for the duration of the two-week sampling 
period. At the next filter change, both the sampled filter and field blank were brought back 
to the lab and prepared for shipping to UBC SOEH. Beginning in September 2008, the field 
blanks were brought back to the lab rather than being stored with the sample filter in the 
Pelican case. Duplicate samples were not collected due to high equipment demands of the 
study design and parallel studies running simultaneously with this study. Sample filters and 
field blanks were stored in a portable cooler (at room temperature) and shipped from 
Smithers to UBC SOEH approximately once per month by Purolator. 
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3.1.2 Mobile monitoring 
Mobile monitoring was conducted to characterize the spatial distribution of wood 
smoke in each of the communities during the heating season and to identify areas where 
wood smoke concentrations were consistently high (i.e. hot spots). A gasoline or hybrid 
vehicle (provided by BC MOE) was equipped with an integrating nephelometer and a GPS 
then driven along predetermined routes that completely surveyed the communities during 
evenings when wood smoke concentrations were expected to be elevated. The goal was to 
measure ten evenings per community during the 2007-08 heating season. 
3.1.2.1 Instrumentation and sampling procedure 
The mobile monitoring equipment 
consisted of a single wavelength (520 nm) 
integrating nephelometer (Ecotech M9003, 
Blackburn Australia), a GPS receiver antenna 
(RaymingTN-204) and datalogger (SRVY-XM4, 
Prairie Geomatics, Ltd.), and a laptop 
computer. All of the equipment was powered 
using a 12V power inverter that was connected 
to the vehicle cigarette lighter receptacle. The 
nephelometer received a continuous sample (5 
L min"1) from the exterior of the vehicle 
through the heated inlet that was programmed 
to dry the sample to < 60% relative humidity to evaporate water droplets on the surface of 
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Figure 3.3. Photos of the mobile monitoring 
vehicle setup. Top left: nephelometer in vehicle 
and GPS receiver secured to roof of vehicle. Top 
right: funnel attached to heated sampling tube, 
pointed upwards and towards the rear of the 
vehicle. Bottom left: Laptop and GPS data logger. 
Bottom right: Nephelometer and heated sampling 
tube extending to rear of vehicle. 
the particles and provide a better indication of pollutant concentration (Ecotech, 2005). A 
funnel was attached to the end of the heated sampling tube and positioned towards the 
rear of the vehicle to prevent air from being forced down the inlet while the vehicle was in 
motion (Figure 3.3 and Figure 3.4). Instantaneous 10-second interval measurements were 
saved to an open file on a laptop via the Windows HyperTerminal program. 
The GPS antenna was secured to the vehicle roof and the GPS datalogger was 
programmed to log the date, time, latitude, longitude, and elevation in one second intervals 
(Figure 3.3 and Figure 3.4). Prior to the start of each run, the GPS would be allowed 
sufficient time to detect a stable signal. The GPS remained in operation until the mobile 
monitoring was completed. It was the first instrument to be switched on and last to be 
switched off in order to ensure that all of the nephelometric measurements could be 
assigned to a geographic location. 
Air IN 
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To cigarette lighter 
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Car Window 
Heated Sample Inlet 
S< lal Cable (Laptop to RS232 service port) 
~~1 Heated Inlet Cord 
Figure 3.4. Schematic of mobile monitoring setup. 
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Predetermined routes were driven on cold, calm nights between 2000 LST and 0200 LST 
at a driving speed of 25-50 km h"1 which equates to one nephelometer measurement every 
70 -140 meters. Evenings chosen for sampling were based on a daily custom venting 
forecast for the region that was issued by the BC MOE (Smithers office). Sampling sessions 
tended to last for 2-5 consecutive evenings due to the nature of the meteorology associated 
with strong stable conditions in the region (i.e. quasi-stationary high pressure ridges). 
Since the communities are small in size, the routes were designed to capture virtually 
all areas within and immediately surrounding the communities' boundaries. The direction of 
travel along the routes was determined randomly. Smithers and Telkwa were always 
monitored on the same evenings because of their close proximity to one another. 
Field observations were recorded during the mobile monitoring sessions where an 
event button on the GPS data logger was pressed to flag the current GPS measurement 
each time an observation was made (e.g. heavy wood smoke observed, train passing by, 
etc.). The time and nature of the observation was also recorded on the Mobile Monitoring 
Observations Sheet (see Appendix B, Table B2) then later matched up with the data 
collected from the nephelometer for quality control purposes. Detailed mobile monitoring 
protocols, log sheets, and sampling routes are located in Appendix B. 
3.1.2.1.1 Fixed-site nephelometer sampling procedure 
During the mobile monitoring sessions, a second Ecotech M9003 integrating 
nephelometer was collocated with the PM2.s TEOM at the central monitoring station in the 
community being monitored (referred to herein as fixed-site nephelometer). This allowed 
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the relationship between the two instruments to be 
established and provided a means to estimate PM2.5 
concentrations from mobile nephelometer 
measurements. 
The fixed-site nephelometer was housed in a 
weatherproofed case (Figure 3.5). Styrofoam and a 
heating pad were also placed inside the case to ensure 
that temperatures remained above 0°C. The heated 
sampling inlet was connected to the nephelometer 
through plumbing pipe and a rain cap was secured onto station. 
the top of the inlet heater. 
Similar to the mobile nephelometer, the fixed-site nephelometer collected samples at 5 
L min"1 through a heated inlet that was programmed to dry the sample air to < 60% RH. 
One-minute instantaneous measurements were recorded on the internal datalogger for the 
duration of each mobile monitoring session. If mobile monitoring was conducted over 
multiple consecutive days, the fixed-site nephelometer continued sampling until the last 
mobile monitoring session was completed. The nephelometer was then taken back to the 
Smithers MOE laboratory where data were downloaded and quality control checks were 
performed. 
3.1.2.1.1.1 Nephelometer quality control and quality assurance 
Following each mobile monitoring session, the fixed-site and mobile nephelometers 
were collocated for 24 hours in the Smithers MOE laboratory to ensure the two monitors 
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EOMs 
Nephelometer 
Figure 3.5. Photo of an Ecotech 
M9003 integrating nephelometer 
in protective housing and 
collocated with PM2.S TEOM at the 
Bums Lake central monitoring 
were in agreement (Figure 3.6). Table 3-2- Manufacturer specifications for the M9003 zero 
and span precision checks. 
Precision checks were then Sten^hMOnm) Calibration Tolerance 
Zero Check (particle free gas) O.OOMm"1 ± 0.50 Mm'1 
performed using span gas (medical Span Check (C02) 22.71 Mm *±1.14 Mm * 
grade C02) and particle free air (internal filter within the nephelometer). If the precision 
checks reported values outside the calibration tolerance specified by the manufacturer, the 
nephelometer(s) were cleaned and subject to a full 
calibration (Table 3.2). The internal clocks of the 
nephelometers were also checked and synchronized to the 
GPS datalogger which ran on Coordinated Universal Time 
(UTC). Detailed protocols of the quality assurance checks Figure 3.6. Photo of nephelometer 
collocation at the Smithers MOE 
laboratory. 
for the nephelometers are located in Appendix B. 
3.2 Laboratory analysis 
3.2.1 HI filter samples 
HI filter samples collected at the BC MOE stations were measured at the UBC SOEH 
laboratory for PM2.s mass, levoglucosan mass, and light absorbance. 
3.2.1.1 PM25 
PM2.5 mass was determined by measuring the change in the filter mass between post-
and pre-sampling. Prior to each measurement, the filters were equilibrated for 48 hours in a 
temperature and humidity controlled room with accepted ranges of 22.2 ± 1.0 °C and 35 ± 
4% RH respectively. Once equilibrated, filter mass was determined by taking the mean value 
of three consecutive measurements that were within 10 ng of one another. 
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PM2.5 and levoglucosan concentrations were calculated by dividing the change in filter 
mass by the volume of air used to collect the sample. The sample volume was determined 
from the average flow rate (L min"1) measured by the BIOS DryCal at the beginning and end 
of each filter sample period and multiplying it by the total sample time (minutes). If the pre-
and post- sample flow rates differed by more than 1L min"1 (± 10%), the sample was 
invalidated. 
3.2.1.2 Absorbance coefficient 
Absorbance coefficients (ABS) were calculated for the PM2.5 Teflon filter samples using 
a M43D Smoke Stain Reflectometer (SSR) (Diffusion Systems Ltd., London, UK). The SSR 
measures the percentage of incident light that is reflected from a sample. ABS was 
determined by relating the mean reflectance of the field blank filters (Rf) and the sample 
filters (Rs), then standardizing the measurements in terms of the filter area (A) and sample 
volume (V) (Equation 3.1). 
Equation 3.1 
ABS = 0.5 A In (RF/RS)/V 
ABS = absorption coefficient (m1) 
A = the area of stain of the filter (m2) 
RF = average reflectance of field blank filters (%) 
Rs = average reflectance of sample filter (%) 
V = volume of sample (m3) 
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At the beginning of each measurement session, a blank (control) filter was used to 
calibrate the SSR to 100% reflectance. The control filter was also measured after every five 
filters to ensure that the SSR measurements did not drift. Reflectance was measured five 
times for all filters at designated locations on the white reference area of the SSR and in a 
designated order. The average reflectance of these five measurements was reported. A 
complete description of the standard operating procedure for measuring the reflectance 
and obtaining ABS from the Teflon PM25 filters is located in Appendix C. 
3.2.1.3 Levoglucosan 
Levoglucosan mass was quantified using gas chromatography/mass spectrometry 
(GC/MS). The Teflon filters were removed from their supportive rings and placed into 4mL 
glass vials. The samples were then spiked with 10 |iL of a surrogate standard (7-
Deydrocholesterol) to monitor systematic losses during sample preparation. Ethyl acetate 
(2.0 mL) was added and the vials were placed in an ultrasonic bath to extract the particulate 
matter from the filter. The sample extracts were transferred to 100 nL GC vials then 30 nL of 
MSTFA +1% TCMS solution (derivatizing agent) and 10 nL of pyridine (catalyst) were added 
to improve the detection of the compounds. The GC vials were left in a dark cupboard 
overnight to allow enough time for the derivatization to complete. Prior to GC/MS sampling, 
10 nL of diisopropyl benzene (internal standard) was added to each vial for quantitation 
purposes. 
A five point calibration curve was prepared by spiking ethyl acetate with stock 
levoglucosan (0.116 - 57.974 ng filter'1) and 7-Deydrocholesterol (1.925 - 96.238 ng filter"1). 
Duplicate and spiked samples (blank Teflon filter spiked with levoglucosan stock and 7-
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Deydrocholesterol solutions) were prepared in the same manner as the sample filters at a 
ratio of one for every ten samples for quality control purposes. Lab blanks (blank Teflon 
filter and ethyl acetate) were also included in each GC/MS batch to monitor for residue 
from previous samples. 
Compounds in the samples were separated using a Hewlett Packard-5 30 m x 0.25 mm 
I.D. column (0.25 um film thickness) and Helium as the carrier gas. The temperature ramp 
started at 65°C (1 minute hold) and increased to 310°C at a rate of 20°C min"1. The final 
temperature was held for a total of 4.2 minutes and the total run time was 15 minutes. The 
GC/MS was operated in single ion monitoring mode (S.I.M.) for increased sensitivity. 
Monitored ions included the internal standard (Trimethylisopropylbenzene), levoglucosan 
and the surrogate standard (7-dehydrocholesterol) (Table 3.3). The complete GC/MS 
analytical protocol for quantifying levoglucosan is located in Appendix D. 
Table 3.3. Monitored ions in GC/MS analysis, m/z = mass to charge ratio. 
Compound Retention Time Monitored Ions (min) (m/z) 
Trimethylisopropylbenzene 4.50 161:189:204 
Levoglucosan 6.65 204:217:333 
7-Dehydrocholesterol 10.55 325:351:456 
3.3 Data analysis 
Statistical analyses and graphical outputs were generated using the statistical software 
program R, version 2.12.1 (R Core Development Team, 2011), ArcGIS 9.3.1 (ESRI, 2009), and 
ArcView 3.2a (ESRI, 2000). 
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3.3.1 Fixed-site monitoring 
3.3.1.1 Meteorological conditions 
To assess the representativeness of the study period, meteorological conditions 
(temperature, wind speed, wind direction) and TEOM PM2.5 concentrations from October 
2007 to April 2009 were summarized and compared to historical data. 
3.3.1.2 Data quality 
All filters deemed to be invalid due to field or laboratory error were excluded from 
analyses. The quality of the retained HI sample filters was further investigated by examining 
the field blanks. Five field blanks collected during the 2008-09 heating season were found to 
have mass balances > 10 ng. Environmental conditions in the weighing room were examined 
to determine if the conditions could explain the positive mass balance for these field blanks. 
When environmental conditions were ruled out, the mass balance of the contaminated field 
blanks were used to adjust PM2.5 and levoglucosan mass for the associated sample filters if 
the adjustment represented a small percentage (<5%) of the total sample mass. Otherwise, 
the sample filters were excluded from analyses. These adjustments were made based on 
the assumption that contamination likely occurred during the collection of the field blank 
sample due to improper cleaning of the Harvard Impactor (HI) and therefore the HI sample 
filter used subsequent to the field blank may have experienced a similar amount of 
contamination. 
Lastly, limit of detection (LOD) and limit of quantitation (LOQ) were calculated for HI 
PM2.5, levoglucosan, and ABS from the uncontaminated field blanks and compared to the 
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filter. The LOD and LOQ calculations are shown in Table 3.4 where x is the mean mass (ng) 
or mean ABS coefficient (m"1) of the field blanks, s is the standard deviation of the mass (ng) 
or ABS coefficient (m*1) of the field blanks, and v is the mean sample volume. 
3.3.1.3 Baseline concentrations: HI PM2.s, levoglucosan, and ABS 
PM2.5, levoglucosan, and ABS 
Table 3.4. LOD and LOQ formulas for HI filter 
measurements collected from the HI samples 
PM2,5 Levoglucosan ABS 
filters were summarized by community LOD (x+3s)/ v (x +3s)/v (x+3s) 
LOQ (x + 10s)/ 0 (x + 10s)/ 9 (x + 10s) 
and heating season (2007-08 and 2008-
09). Statistical comparisons of the measurements and their ratios were made across (1) 
communities (Kruskal-Wallis test and post-hoc Mann-Whitney test with Bonferroni 
correction), (2) the heating and non-heating season, and (3) the 2007-08 and 2008-09 
heating seasons (Mann-Whitney U-test). Tests were performed on complete case-wise 
samples. Terrace data were excluded due to the low number of samples (n = 8). 
3.3.1.4 Slash Burning 
Slash burning commonly occurs during the spring and fall within the study area. 
Information about slash burning activities collected by the BC MOE was used to investigate 
if a correlation existed between slash burning events and levoglucosan/PM2.s ratios at the 
central monitoring stations. The slash burn records include the coordinates of the burn 
location, date, and number of piles burned. These data are provided by proprietors on a 
voluntary basis therefore the dataset is likely not complete (B. Weinstein, personal 
communication, 28 July 2008). Nevertheless, these data may still serve as a qualitative 
57 
indicator of a non-residential wood smoke source that impacted the communities during 
the sampling period. 
Slash burn records (which excluded the proprietors' identification) were obtained from 
BC MOE for the 2007-2008 and 2008-09 heating seasons. Data preparation consisted of a six 
step process. First, each record was assigned a four day burn period defined as the 96 hours 
following the ignition date at 0800 PST. This time frame is based on the maximum smoke 
release period for slash piles that is stated within the Open Burning Smoke Control 
Regulation under the British Columbia Environmental Management Act (British Columbia 
Provincial Government, 2010). Second, circular buffers (100 km radius) centred on each of 
the BC MOE central monitoring stations were created. Slash piles that fell within the buffers 
were retained for analysis. Third, the distance and azimuth between each central 
monitoring station and slash piles that fell within its buffer were calculated in ArcView using 
the Distance/Bearing: Matched Features extension (ESRI, 2000). Fourth, digital elevation 
models were used to identify slash piles located in valleys that drain into the communities. 
Fifth, the records (start date, end date, location, number of piles, distance and azimuth to 
central monitoring station, and drainage valley: yes/no), were imported into R. Vector 
averaged wind speed and direction were then calculated for each record using data 
measured at the associated BC MOE station. In the last step, slash piles with greater 
potential to impact the communities were identified as those located within ± 22.5° of the 
average wind direction during the bum period or were burning in drainage valleys when 
cold air drainage was probable (wind speeds < 5 m s"1 flowing in the down valley direction 
during evenings, 1600 PST -1700 PST). 
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Time series plots of TEOM PM2.s and the number of piles burned were created to 
identify periods of time when slash burning may have most strongly impacted each of the 
communities. Potential impacts from residential and slash burning wood smoke were 
evaluated by comparing levoglucosan/PM2.s ratios at the central monitoring stations with 
heating degree day and number of slash piles burned, respectively. Where, heating degree 
day is a measure that reflects space heating demands. Individual heating degree days were 
calculated as 18°C minus the daily average temperature (°C) then summed over each filter 
sample period (Boyd, 1979). 
3.3.2 Mobile monitoring 
Maps were created from the nephelometric data collected during the mobile 
monitoring sessions to illustrate the mean spatial distribution of wood smoke across the 
communities, the consistency of the pattern between evenings, and to identify persistent 
wood smoke 'hot spots'. Inverse distance weighted (IDW) interpolation and kriging were 
applied to generate continuous surfaces from the point data. 
3.3.2.1 Quality control and data preparation 
Light scattering measurements (osp) collected by the mobile nephelometer were 
initially examined for outliers. Field observations were used to exclude elevated 
nephelometer readings that were not associated with wood burning (e.g. elevated osp at a 
train crossing while a train was passing by). 
Prior to analysis, the mobile nephelometric measurements required two types of 
adjustments that relate to (1) a minor time lag in measurement and (2) temporal variation. 
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It takes approximately 1 second for the sample to travel down the inlet of the M9003 
nephelometer to the photomultiplier tube (Box 3.1). Since the GPS measurements were 
collected at 1 second intervals, the nephelometric data were adjusted to match the GPS 
measurement that was 1 second prior to the time stamp of the nephelometer 
measurements. 
Box 3.1. Time lag calculation of nephelometer measurement. 
Flow rate of nephelometer: 5 L min-1 = 5000 cm3 min-1 
Length sample travels to photomultiplier tube: 130 cm 
Diameter of sample tube: 1 cm 
Area of sample tube: it (0.5 cm)2 = 0.7854 cm2 
0.7854 cm2 60 s 
x 130 cm x —— = 1.23 s 
5000 cm3 min'1 min 
To properly assess the spatial variability of the mobile measurements that are 
collected over space and time, adjustments that remove the effect of time varying 
conditions (e.g. meteorology) were necessary. The approach presented here was originally 
published by Larson, et al. (2007) where TEOM PM2.5 concentrations (collected at a fixed 
point over time) were used to adjust for temporal variation within the mobile 
measurements (Equation 3.2). PM, was calculated by applying an interpolation spline to 12 
hour rolling average TEOM PM25 data then extracting the values that coincide with the 
mobile measurements (at time /'). Several rolling averages of the TEOM PM25 data were 
examined (1, 3,6,12,18, and 24 hours). The 12 hour average (centered on the time of 
measurement) was chosen because it smoothed short term TEOM PM25 peaks and valleys 
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Equation 3.2 
_ PMj (gsp)f,y,fc 
y t J  k  
~ PMi 
Where, 
yij.k = within-evening adjusted asv 
(.asp)i,j,k = light scattering coefficient at time / during period j at location k 
FMj - average TEOM PM2.5 concentration during sample period j 
PMi = average TEOM PM2.5 concentration at time i 
that represent local sources and would cause an over adjustment of the light scattering data 
but still captured the general trend of PM2.5 concentrations during the evening. 
Larson, et al. (2007) applied a second adjustment to account for between-evening 
variability (Equation 3.3). This adjustment was not suitable for the data collected in this 
study because the absolute value of the light scattering coefficients ranged significantly 
between evenings. Applying Equation 3.3 would result in an unrealistic over adjustment to 
the data. 
To be able to make direct comparisons between evenings and create a map of the 
mean spatial pattern of the nephelometer measurements, the data were expressed in 
relative terms through a three-step process. First, the within-evening adjusted data (yt j k) 
were smoothed over a 100m moving radius to reduce microscale variability using 
neighbourhood statistics in the ArcGIS Spatial Analyst package (ESRI, 2009). The 100m 
smoothing radius was judged to provide an appropriate amount of smoothing based on the 
density of the measurements (50m, 150m and 200m radii were also examined). Second, the 
distributions of the smoothed light scattering coefficients were normalized by applying a 
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Equation 3.3 
_ PMj (yu,k) 
Z i J k  PMj 
Where, 
yi,i,k = within-evening adjusted osp at time i during sample period j at location k 
PMj = average TEOM PM2.5 concentration for all evening sample periods j 
PMj = average TEOM PM2.5 concentration during sample period j 
loge transformation to each evening. Lastly, z-scores were calculated from the smoothed-
normalized data to express the measurements in relative terms. 
3.3.2.2 Mapping the mean spatial distribution of wood smoke 
The mean spatial distribution of the mobile nephelometric data was obtained by 
spatially averaging the smoothed z-score layers of individual evenings across all evenings. 
Because the intention of these maps is to illustrate the mean spatial distribution of wood 
smoke during heating season evenings, each location was required to have measurements 
from a minimum of 80% of the evenings monitored to be included in the mean layer. 
Standard deviations of the mean z-score layers were calculated in a similar fashion to 
illustrate the consistency of the spatial pattern across evenings. The analysis was completed 
using the ArcGIS Spatial Analyst package (ESRI, 2009). 
To investigate potential influences on the spatial pattern of the mobile 
measurements, evenings were contrasted based upon (1) evening median TEOM PM2.5 
concentration: above/below seasonal median, (2) wind speed: above/below 1 m s'1, and (3) 
weekday/weekend. These comparisons were only evaluated for balanced cases, that is, 
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when a similar number of evenings were available for each subgroup (Table 3.5). Wind 
direction (up/down valley) was also considered however wind speeds > lm s"1 were 
predominantly associated with down-valley winds. 
Table 3.5. Potential influential factors on the spatial distribution of PM2.s. 
Contrast Variable Communities evaluated 
Seasonally high/low evenings Terrace, Houston, Burns Lake 
Wind speed Terrace, Smithers 
Weekday/weekend Houston, Burns Lake 
Maps expressing the ratio between the mobile nephelometer (expressed as 
estimated PM2.5) and the TEOM PM25 at the central monitoring station in each community 
were created in a similar manner to the z-score layers described previously. The 
nephelometer-TEOM ratio provided a means to evaluate how well the TEOMs represented 
community-wide concentrations. Estimated PM2.s concentrations were derived for the 
mobile nephelometry data using linear regression models that express the relationships 
between the fixed-site nephelometer and TEOM PM25 (see section 3.3.2.3). Ten-second 
intervals of TEOM PM2 5 concentrations (PMt) were estimated from the 12-hour rolling 
average interpolation spline in Equation 3.2 then time-matched to the mobile monitoring 
measurements. Ratios for each evening were spatially smoothed (100m moving radius) then 
averaged across evenings. For a given location to be included in the mean ratio layer: (1) the 
TEOM PM25 concentration (i.e. denominator) had to be £ 5 tig m"3 and (2) each location had 
to contain a minimum of three evenings. Data points associated with TEOM PM2 5 < 5 ng m"3 
were excluded to eliminate unrealistically large ratios. 
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3.3.2.2.1 Spatial interpolation 
The high density of the mobile nephelometric data made spatial interpolation a 
suitable option for presenting the data as a continuous surface. Even though the 
measurements themselves create a nearly continuous surface, interpolation was primarily 
applied to improve the overall visualization of the data but also to investigate the spatial 
autocorrelation of wood smoke within the communities. There are, however, qualities of 
the data that should be recognized as potentially undesirable for spatial interpolation 
including, (1) the data may contain a large amount measurement error due to the nature of 
data collection (instantaneous measurements while in motion) and (2) the high density of 
mobile measurements may have captured microscale variability which could mask the 
spatial distribution at the neighbourhood scale and weaken model performance. Steps 
taken to address these issues were explained previously (quality control and quality 
assurance protocols in section3.1.2 and spatial smoothing to remove microscale variability). 
It should also be kept in mind that mobile monitoring was conducted when wood 
smoke concentrations were expected to be high, rather than regular sampling intervals over 
the entire heating season. In this case, direct comparisons between communities are only 
appropriate if the meteorological conditions are equally representative. Meteorological 
conditions and TEOM PM2.s concentrations during mobile monitoring sessions are 
compared against the entire heating season to provide a sense of the seasonal 
representation of the mobile monitoring. 
Inverse distance weighted (IDW) interpolation and kriging were applied to the mean 
z-score layers to investigate which method provided the best fitting surface. IDW was also 
applied to standard deviations of the averaged z-score layers as a qualitative illustration of 
the variability of the measurements across evenings. All of the spatial modeling was 
completed in ArcGIS with the Geospatial Statistical Analyst extension (ESRI, 2003). 
3.3.2.2.1.1 Inverse distance weighted (IDW) interpolation 
IDW does not require the data to be normally distributed therefore an anti-log back-
transformation was applied to the averaged z-score layers to return the data to its original 
lognormal distribution prior to interpolation. IDW input parameter values include the 
positive power parameter (P), the size, shape, and orientation of the search neighbourhood, 
and the number of measured points within the search neighbourhood. P was initially 
assigned a value of 2, which was based on values found in the literature for airborne 
particulate matter (Al-Hamdan et al., 2009; US EPA, 2004b; Yanosky et al., 2009). Larger P 
values (maximum 10) and an optimized P value were also tested. The optimized P value is 
calculated through an iterative process that identifies which value of P will achieve the 
lowest root mean square prediction error (RMSPE) (ESRI, 2003). Circular and elliptical 
search neighbourhoods, 200 - 5000m in diameter (or major axis), were considered. Elliptical 
search neighbourhoods were only examined in cases where the data appeared to have 
directionality along the valley axis. In these cases, the major axis of elliptical search 
neighbourhood was always oriented along the valley to emphasize pollutant pooling and 
transport caused by cold air drainage. Cross-validation statistics, mean error (ME) and root 
mean squared error (RMSE), were used to assess model fit. 
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3.3.2.2.1.2 Kriging 
Ordinary (LOK) and universal (LUK) lognormal kriging were considered for the mobile 
nephelometric measurements. LUK was applied to the data when global trends were 
evident and could be logically explained such as an inverted u-shaped trend along the valley 
that coincided with differences between centralized urban areas and surrounding rural 
areas otherwise only LOK was used. 
The initial step of the kriging procedure was to create an empirical semivariogram. 
Data were partitioned into bins. The number of bins was initially set to Vn to strike balance 
between retaining sufficient spatial resolution and an adequate number of points per bin to 
create a statistically reliable empirical semivariogram (US EPA, 2004b). Spherical and 
exponential models were considered since the slopes of these models have steeper 
upwards slopes near zero which makes them suited to variables with uneven distributions 
at short distances (Moral & Alvarez, 2006; US EPA, 2004b). Ultimately, spherical models 
were chosen. The objective value, a number that quantifies differences between the chosen 
theoretical variogram and empirical variogram, is often used for semivariogram selection 
(Cressie, 1993). This statistic is not reported within the Geostatistical Analyst package 
therefore semivariogram fit was based on visual inspection, evidence of sensible parameter 
values (e.g. small nugget value, a range that did not extend beyond the dimensions of the 
community), as well as cross-validation statistics (root mean squared error (RMSE) and total 
absolute error (AE)). 
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3.3.2.2.2 Identifying wood smoke 'hot spots' 
Residential wood smoke is inherently variable over time and space. To identify areas 
that were repeatedly associated with elevated nephelometric measurements smoothed 
data points (200m x 200m raster cells) that fell above the 75th percentile were first 
identified for each evening. Recurrent 'hot spots' were then identified by counting the 
number of evenings each of the raster cells were associated with values above the 75th 
percentile. Recurrent 'hot spots' were defined as raster cell locations that contained values 
above the 75th percentile for a minimum of half of the evenings monitored. As well, the 
most recent community zoning maps were manually digitized (except Terrace) then cross-
referenced with the mobile nephelometric measurements to identify if specific land use 
zones (namely housing types) were consistently associated with elevated light scattering 
values. Shapefiles of Terrace land use data were available from the UNBC library. 
3.3.2.3 Estimating PM2.s concentrations from nephelometric measurements 
PM2.5 concentrations were estimated for the mobile measurements by first applying an 
adjustment factor, based on the relationship between HI PM2.5 and TEOM PM2.5 to correct 
for semi-volatile losses then estimating concentrations from the nephelometer-adjusted 
TEOM (TEOMadj) relationships observed at the central monitoring stations. 
Since the light scattering measurements of the nephelometer are dependent upon the 
size distribution and optical properties of the particles, the effect of community on the 
relationships was investigated. The effect of primary and secondary heating season was also 
considered but could not be investigated because the majority of the mobile monitoring 
was conducted during the primary heating season. 
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4 RESULTS 
This chapter begins with a summary of the meteorological conditions during the 
study period. Results of the filter samples collected at the central monitoring stations 
from October 2007 to April 2009 are then presented followed by mobile monitoring 
data collected during the 2007-08 heating season. 
4.1 Meteorological and PM2.s summary 
Meteorological conditions during the 2007-08 and 2008-09 heating seasons were 
generally comparable to historical data in all five communities. Median temperatures 
ranged from -2*C to 3"C and wind speeds were predominantly low (0.8 m s"1 to 1.9 m s"1) 
with calm conditions (< 1 m s"1) being recorded 21% - 49% of the time (Table 4.1, Figure 
4.1). Winds most frequently flowed in the down-valley direction in all communities 
except Terrace where both up- and down-valley winds were equally prevalent. 
TEOM PM2.5 concentrations show indications of a gradual decreasing trend over 
time (Figure 4.4) with the exception of December 2008 which is notably different from 
the recent historical period. During this month, all five communities reached 
Table 4.1. Summary of temperature and TEOM PM2 5 data measured at the MOE stations during 
historical, 2007-08, and 2008-09 heating seasons (October through April). Historical heating seasons 
are defined as all available data for the months of October through April from 1997 to 2007. 
Temperature (°C) TEOM PMI S (fig m~) 
Community median[25th, 75th percentiles] mediants*, 75th percentiles] 
Historical 2007-08 2008-09 Historical 2007-08 2008-09 
Terrace 2.7[0.2,5.4)* 2.7(0.2,5.5] 2.5(0.2,5.2] 2 [0,5]" 2 [0,4] 2 [0,4] 
Smithers -0.4[-4.3,3.2]' -0.2 [-4.3,3.0] -0.8[-4.3,2.8] 6 [3,12]' 6 [3,11] 6 [3,12] 
Telkwa -0.8[-5.1,3.1]b -0.4 [-5.1,3.3] -1.7[-5.1,1.8] 5 [2,13]' 4 [2,10] 3 [2,9] 
Houston -0.9[-5.2,3.0]' -l.l[-5.2,2.6] -1.3[-5.2,2.7] 5 [2,ll]c 3 [2,9.3] 4 [2,10] 
Burns Lake -1.2[-6.2,2.5]' -1.6[-6.2,2.2] -1.0[-6.2,2.9] 4 [l,8]f 4 [1,9] 4 [1,8] 
Historical heating season data periods: *1997-2007, b1997-2007, c2001-2007, d2003-2007, '2004-2007 
and '2006-2007. 
68 
decade low monthly median temperatures (Figure 4.2). Cold temperatures were 
accompanied with low wind speeds in Telkwa, Houston, Burns Lake, and Smithers 
(Figure 4.3). As a result, conditions were favourable for pollutant trapping and caused 
the monthly median TEOM PM2.s concentration to increase, particularly in Smithers (12 
Hg m"3) (Figure 4.4). Elevated wind speeds and warmer temperatures followed in 
January 2009 which led to greater atmospheric instability and thereby lower PM2.s 
concentrations. 
During the 2008 non-heating season (May-September), meteorological conditions 
were comparable to historical data. Median temperatures ranged from 11°C to 14°C, 
winds most commonly flowed in the up-valley direction (similar to Figure 1.3), and wind 
speeds were seaonally low (0.9-1.5 m s"1 versus historal medians, 1.2-2.0 m s"1). Monthly 
median TEOM PM2.s concentrations for the 2008 non-heating season were similar to 
historical data in all five communities (2-3 ng m'3). 
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Figure 4.4. Monthly median TEOM PM2 5 concentrations measured at the central monitoring stations during historical heating seasons and the 
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its highest monthly median TEOM PM2.s concentration for the heating season months since 1997. This was followed by the community's 
lowest January median TEOM PM2 5 concentration on record (since 1997). 
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4.2 Fixed-site measurements 
4.2.1 Data quality 
Between October 2007 and April 2009, a total of 175 sample filters and 34 field 
blanks (37 mm PTFE Membrane W/PMP Ring) were planned for collection using a 
Harvard Impactor (HI) and Leland Legacy pump at the MOE station in each of the five 
communities. Ninety-four percent of the sample filters were retained for analysis (Table 
4.2). This section summarizes the data quality of the field blank and sample filters. 
Data were successfully collected from all the field blanks however five of the 
filters had increased in mass by more than the accepted measurement error (± 10 ng), 
and two had decreased by more than 10 jig after sampling (Table 4.3). All seven of these 
field blanks were collected during the 2008-09 heating season. 
Differences of temperature and relative humidity (RH) conditions in the weighing 
room between pre- and post-sample weighing do not explain the > 10 tig mass increase 
of the five filters therefore it is assumed that these field blanks were contaminated. All 
field blanks were inspected for contamination prior to sampling and stored and 
transported in sealed Petri dishes thus the most likely time for contamination to occur 
was during the field blank sample collection. It is conceivable that particles could be 
deposited onto the field blanks during the quality assurance procedure if the Harvard 
Impactor was not adequately cleaned. Based on this assumption, the PM2.5 and 
levoglucosan mass of the five sample filters that were used subsequent to the five 
contaminated field blanks were adjusted by subtracting the mass of the contaminated 
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Table 4.2. Summary of Harvard Impactor sample collection. Partial indicates that the sampling period 
was shorter than the designated 2-week period. Incomplete indicates that one or more of the 
measurements taken from the filters (PM2.5, LG, and ABS) is missing or has been excluded. Invalidated 
indicates that all measurements taken from the filter were excluded from analyses. Note: Samples 
Community # Filters Partial or invalidated sample filters 
Full 
Sample 
Part/lnc 
Sample 
Failed 
Sample Filter ID Description 
Heating season #1 (October 2007 I
 t 
Terrace 7 1 5 WB1-TR4 Invalidated: Pump schedule incorrect 
WB1-TR5 Invalidated: A pump flow > 1 L min*1 
WB1-TR7 No sample: Laptop repair 
WB1-TR9 Invalidated: Pump schedule incorrect 
WB1-TR11 Invalidated: Pump schedule incorrect 
WB1-TR12 Incomplete: No LG, lab error 
Smithers 13 0 0 - -
Telkwa 13 0 0 - -
Houston 12 1 0 WB1-H013 Partial: Power failure 
Bums Lake 9 2 2 WB1-BL1 Partial: Power failure 
WB1-BL5 Invalidated: Pump tube detached 
WB1-BL9 Partial: Power failure 
WB1-BL10 Invalidated: TEOM PM2S > HI PM25 
Subtotal 54 4 7 
Non-heating season (May - August 2008)* 
Terrace 9 1 0 NB1-TR8 Partial: Dry Cal not operating 
Smithers 9 1 0 NB1-SM8 Partial: Dry Cal not operating 
Telkwa 9 1 0 NB1-TK8 Partial: Dry Cal not operating 
Houston 9 1 0 NB1-H08 Partial: Dry Cal not operating 
Burns Lake 9 1 0 NB1-BL8 Partial: Dry Cal not operating 
Subtotal 45 5 0 
Heating season #2 (October 2008 -April 2009) 
Terrace - - - - -
Smithers 13 1 1 WB2-SM6 Partial: technician away 
WB2-SM15 Invalidated: FB contaminated 
Telkwa 14 1 0 WB2-TK6 Partial: technician away 
Houston 14 1 0 WB2-H06 Partial: technician away 
Burns Lake 13 0 2 WB2-BL6 Invalidated: A pump flow > 1L min'1 
WB2-BL12 Invalidated: FB contaminated 
Subtotal 54 3 3 
Total 153 12 10 
"Levoglucosan measurements were not available for this period at the time of writing. 
Table 4.3. Summary of field blanks with a PM2 5 mass increase or decrease > 10 ng m'3. 
Temperature (°C) RH (%) 
Filter ID Date Community A Mass (tig) Pre- Post- Pre- Post-
sample Sample sample Sample 
WB2-FB2-TK 06-0ct-08 Telkwa 36.0 22.0 20.3 38.0 30.4 
WB2-FB5-HO 22-Nov-08 Houston -11.3 22.8 22.4 40.3 20.4 
WB2-FB6-TK 06-Dec-08 Telkwa -11.3 22.8 22.2 40.3 20.0 
WB2-FB12-BL 01-Mar-09 Burns Lake 102.7 22.1 23.9 32.9 33.7 
WB2-FB13-HO 16-Mar-09 Houston 12.3 22.1 23.9 32.9 33.7 
WB2-FB14-TK 30-Mar-09 Telkwa 31.3 22.1 23.9 32.9 33.7 
WB2-FB15-SM 14-Apr-09 Smithers 47.3 22.1 23.9 32.9 33.7 
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Table 4.4. Summary of sample filters that were transported with the five contaminated field blanks. 
WB2-BL12 and WB2-SM15 were excluded from analysis because the adjustments represented ~25% 
of the total filter mass. LG = levoglucosan 
Filter 10 Community Sample Period PM2.s (ng m"3) Levoglucosan (|ig m"3) 
No adj. Adj. No adj. Adj. 
WB2-TK2 Telkwa 6 Oct 08-20 Oct 08 9.4 8.2 0.627 0.627 
WB2-BL12 Bums Lake 3 Mar 09-15 Mar 09 13.9 10.4 0.339 0.338 
WB2-H013 Houston 16 Mar 09 - 30 Mar 09 10.2 9.8 0.465 0.465 
WB2-TK14 Telkwa 30 Mar 09 -13 Apr 09 8.2 7.2 0.143 0.412 
WB2- SM15 Smithers 14 Apr 09 - 28 Apr 09 6.5 4.9 0.141 0.140 
field blanks from the sample filters (Table 4.4). These adjustments led to a 4% - 25% 
and 0% -1% reduction in PM2.s and levoglucosan concentration respectively. Two of 
these filters, WB2-BL12 and WB2-SM15, were subsequently excluded from further 
analysis because the PM2 5 adjustment represented a large portion of the sample mass 
(approximately 25%). No adjustments were made to the absorption coefficient 
measurements as it was assumed that the reflective properties were not significantly 
affected. 
Since the all of the field blanks collected in March and April 2008 were 
contaminated, it is plausible that sample filters collected at the other sites may have 
also been contaminated due to improper cleaning of the Harvard Impactors. No 
apparent anomalies were detected upon closer examination, so the filters were retained 
for analysis albeit with reduced confidence. 
The two field blanks that were more than 10 i*g lighter in mass following 
sampling fell just outside of the ± 10 ng accepted measurement error (Table 4.3). 
Negative mass differences can result from fluctuating environmental conditions in the 
weighing room (e.g. temperature, RH, static charge, and vibration). Temperatures were 
reasonably constant between pre- and post-sample weighing sessions however RH was 
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much more variable (Figure 4.5). The RH during the pre-sample weighing of these two 
field blanks was 40.3% and as low as 20.0% during post-sample weighing, which is below 
the US EPA guideline of 30% - 40% ± 5% (US EPA, 1998). These conditions may explain 
the negative mass obtained for these two filters. 
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Figure 4.5. Change in temperature and RH between pre- and post-sample weighing relative to 
change in field blank mass. The red rectangle identifies WB2-FB5-HO and WB2-FB6-TK, the two 
filters that were < -10 |ig after sampling. The third filter enclosed in the red rectangle is WB2-FB7-
SM and was also weighed in low RH conditions but its change is mass (-1.0 ug) was within the 
accepted range of measurement error. Note: One of the contaminated field blanks, WB2-FB12-BL (A 
mass = 102.7 ug, A temperature = 1.8 *C, A RH = 0.8%), is not shown due to the scale of the x-axes. 
A total of 11 sample filters were weighed in low RH conditions during the post-
sample weighing, all of which were collected during the 2008-09 heating season (Table 
4.5). Since the water absorption properties of the particles on the filters are unknown, it 
is not possible to apply an adjustment to these samples. The low RH conditions likley 
reduced the mass of the affected sample filters but were not removed from the dataset 
because their exclusion would have greatly inhibited the analysis of the 2008-09 heating 
season. As a point of reference, Rasmussen, Gardner & Niu (2010) documented a ~1 -
12% drop in the mass of Teflon filters loaded with 100^g -1000 jig of household dust 
when RH was reduced from 40.2% to 20.8%. It should also be noted that levoglucosan 
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Table 4.5. Sample filters weighed in low RH conditions during post-sample measurement. 
Community Filter ID Sample Period Pre-sample RH (%) 
Post-sample 
RH (%) 
PMzs 
iMg m 3 ]  
Telkwa WB2-TK5 21 Nov 08 -5 Dec 08 40.3 24.5 12.7 
Houston WB2-H06 6 Dec 08-15 Dec 08 40.3 23.9 23.4 
Burns Lake WB2-BL6 40.3 24.3 4.8 
Smithers WB2-SM7 15 Dec 08-29 Dec 08 40.3 24.7 34.4 
Telkwa WB2-TK7 40.3 23.9 28.4 
Houston WB2-H07 16 Dec 08 - 30 Dec 08 40.3 24.9 31.1 
Burns Lake WB2-BL7 40.3 24.4 5.2 
Smithers WB2-SM8 30 Dec 08 -13 Jan 09 40.3 21.8 13.8 
Telkwa WB2-TK8 40.3 21.8 15.8 
Houston WB2-H08 31 Dec 08-14 Jan 09 40.3 21.8 13.5 
Burns Lake WB2-BL8 40.3 21.8 6.6 
data were not available for samples collected from May through September 2008 (the 
non-heating season) at the time of this writing. 
Lastly, 10 out of the 175 sample filters (6%) were invalidated due to operator 
error or equipment failure (Table 4.2). Approximately half of these filters were collected 
in Terrace during the 2007-08 heating season. To evaluate the seasonal representation 
of the Terrace samples, the collocated HI PM25 and TEOM PM25 concentrations were 
plotted (Figure 4.6). Based on the line of best fit and the mean TEOM PM25 
concentrations of the missing sample periods, it is likely that the successfully collected 
samples provide a reasonable representation of the 2007-08 heating season. However 
since a significant proportion of the Terrace samples were lost, there is considerable 
uncertainty with regards to the summary statistics reported for HI PM25, levoglucosan 
and ABS in this community. 
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4.2.1.1 Limit of detection and limit of quantitation 
Limit of detection (LOD) and limit of quantitation (LOQ) for HI PM25 
concentration, levoglucosan concentration and absorbance coefficient (ABS) were 
statistically determined from the field blanks (Table 4.6). PM2.s concentration, 
levoglucosan concentration, and ABS coefficients for all sample filters were found to be 
above their respective LOO and LOQ values. 
In summary, 94% (165) of the HI sample filters were retained for analyses 
although 7% (12) of these filters were partial samples (Table 4.2). It should also be 
reiterated that the confidence in the HI filter samples collected during the 2008-09 
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heating season is somewhat reduced due to apparent contamination of some field 
blanks and low RH conditions during post-sample weighing. 
Table 4.6. Summary statistics, LOP and LOQ values for the Teflon filter field blanks. 
PM2S Levoglucosan ABS 
MS Hgm"3 W Mgm" x 10 s m1 
n 29 29 19 19 27 
Mean i Std. Dev -2  ±6  0 ± 0  0.04 ± 0.04 0.00 ± 0.00 0.0 + 0.0 
[Min, Max] [-11,10] [0,0] [0.01,0.18] [0.00,0.01] [-0.1,0.1] 
LOD 1 0.01 0.1 
LOQ 2 0.02 0.4 
PM2.s and levoglucosan: LOD = (X + 3s)/ 9; LOQ = (X + 10s)/ V 
ABS: LOD = (X + 3s); LOQ = (X + 10s) 
X = mean mass (ng) or mean ABS coefficient (m1) of the field blanks 
s = standard deviation mass(|ig) or ABS coefficient (m1) of the field blanks 
v = mean sample volume (28.25 m3) 
4.2.2 Baseline measurements: PM2.s, levoglucosan, and ABS 
Data collected from the HI filter samples are summarized by community and 
season in Table 4.7. A detailed record of the samples can be found in Appendix E. Mean 
values for HI PM2.5, levoglucosan, and ABS for all communities during the heating season 
months were 12 ± 6 ng m"3,0.78 ± 0.56 ng m"3, and 1.1 x 10 5 ± 0.51 x 10 5 m*1 
respectively with the highest means being recorded in Houston, Telkwa, and Smithers. 
PM2.5 concentrations for the 48 hour/14 day samples were often 15-25 ng m"3 during 
the coldest months of the heating season with a few samples exceeding the provincial 
24-hour air quality objective (25 ng m"3). 
Mean levoglucosan/PM2.s ratios during the heating season ranged from 0.05 ± 
0.02 to 0.08 ± 0.02 across the communities with the highest means being recorded in 
Telkwa (0.08 ± 0.02) and Houston (0.06 ± 0.02)(Figure 4.7). A Kruskal-Wallis test showed 
a significant effect of community on levoglucosan/PM2.s (x2 = 29.66, p < 0.001). Post-hoc 
Mann-Whitney tests with Bonferroni correction revealed that Telkwa and Houston were 
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statistically different from Burns Lake (p<0.001, r = 0.67 and p<0.001, r = 0.49 
respectively). Telkwa and Smithers were also statistically different from one another (p 
<0.001, r = 0.49). Terrace data were excluded from the statistical tests due to the small 
sample size. 
Table 4.7. Summary of HI filter samples collected at the central monitoring stations. Samples were 
collected for 48 hours over consecutive 2-week periods. HS = Heating season, NHS = non-heating season. 
PM25 (MG m3) Levoglucosan (Mg m"3) ABS (x 10 m1) 
Community (n) meant 
range mean ± range mean ± range 
std. dev. std. dev. std. dev. 
Terrace 
2007-08 HS (7) 6 ± 2 [3,10] 0.27 ± 0.14* [0.08,0.45] * 0.7 ±0.2 [0.4,0.9] 
2008 NHS (10) 4 ± 1 [3, 6) - -- 0.3 ±0.1 [0.2,0.5] 
Smithers 
2007-08 HS (13) 11 ±4 [6,21] 0.68 ±0.28 [0.17,1.23] 1.1 ±0.4 [0.5,1.9] 
2008-09 HS (14) 13 ±7 [6,34] 0.69 ±0.58 [0.14, 2.54] 1.2 ±0.5 [0.5, 2.6] 
HS Combined (27) 12 + 6 [6, 34] 0.68 ±0.46 [0.14, 2.54] 1.2 ± 0.5 [0.5, 2.6] 
2008 NHS (10) 4 ± 1 [2,5] - - 0.3 ± 0.2 [0.2, 0.7] 
Telkwa 
2007-08 HS (13) 14 ±6 16, 24] 1.29±0.56 [0.28, 2.14] 1.2 ±0.4 [0.5,1.8] 
2008-09 HS (15) 12 ±6 [6,28] 0.91±0.58 [0.13, 2.36] 1.1 ±0.5 [0.4, 2.2] 
HS Combined (28) 13 ±6 [6,28] 1.09 ±0.60 [0.13, 2.36] 1.1 ±0.5 [0.4, 2.2] 
2008 NHS (10) 5 ± 1 [3,7] - - 0.3 ±0.1 [0.2, 0.6] 
Houston 
2007-08 HS (13) 14 ±6 [5,27] 1.03 ±0.53 [0.24,1.74] 1.1 ±0.4 [0.4,1.9] 
2008-09 HS (15) 15 ±7 [6, 31] 0.92 ±0.71 [0.03, 2.55] 1.2 ±0.5 [0.6, 2.4] 
HS Combined (28) 15 ±7 [5,31] 0.97 ± 0.62 [0.03, 2.55] 1.2 ± 0.5 [0.4,2.4] 
2008 NHS (10) 4 ± 1 [2, 5] ~ - 0.3 ±0.1 [0.1,0.6] 
Burns Lake 
2007-08 HS (11) 9 ± 3  [5,16] 0.46 ±0.25 [0.09, 0.97] 1.0 ±0.4 [0.4,1.7] 
2008-09 HS (13) 9 ± 2  [5,14] 0.38 ±0.16 [0.13, 0.70] 0.8 ±0.2 [0.5,1.3] 
HS Combined (24) 9 ± 3 [5,16] 0.42 ±0.21 [0.09, 0.97] 0.9 ± 0.3 [0.4,1.7] 
2008 NHS (10) 7 ± 1 [3, 5] 
- - 0.3 ±0.1 [0.2, 0.4] 
ABS/PM2.5 ratios tended to have the opposite trend to levoglucosan/PM2.s. 
Meaning, communities with lower proportions of levoglucosan, such as Burns Lake and 
Terrace, tended to have filters that absorbed light more strongly per unit of PM2.s 
(Figure 4.7). A significant effect of community on ABS/PM2.s was detected (Kruskal-
Wallis test x2 = 16.88, p < 0.001) with Burns Lake being statistically different from Telkwa 
(p<0.05, r = 0.44) and both Burns Lake and Smithers being statistically different from 
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[ J Terrace I I Smithers Telkwa Houston BumsLake 
Figure 4.7. Levoglucosan/PM25 and ABS/PM2.5 ratios during the 2007-08 and ZOOS-
OS heating seasons, n = number of samples. Whiskers extend to the 5th and 95th 
percentile, outliers extend to the 2nd and 98th percentiles, and (*) indicates the mean. 
Houston (p<0.01, r = 0.45 and p<0.01, r = 0.43 respectively) (post-hoc Mann-Whitney 
tests with Bonferroni correction). 
The Burns Lake station is located in a commercial area close to the thoroughfare 
highway and railway therefore larger contributions of PM25 from traffic and locomotive 
emissions are expected. Higher concentrations of road dust are also expected at this 
station and may explain the 
weaker correlation between 
ABS and PM2.5 (Table 4.8). 
Relatively high ABS/PM2.5 
coupled with somewhat 
reduced levoglcuosan/PM25 
Table 4.8. Spearman correlation coefficients of HI measurements 
during the heating season. P-values for all correlations were 
<0.001 except those marked n.s. (not significant). LG = 
levoglucosan and n = sample size. Note: one outlier (WB2-H04) 
was removed from the Houston data set. 
n LG-PM2S ABS-PMZ.5 ABS-LG 
Terrace 7 0.24 (n.s.) -0.24 (n.s.) 0.35 (n.s.) 
Smithers 27 0.89 0.93 0.89 
Telkwa 28 0.92 0.96 0.94 
Houston 27 0.92 0.92 0.94 
Burns Lake 24 0.78 0.86 0.88 
ratios in Smithers may indicate that non-wood smoke combustion source(s) represent a 
greater proportion of PM2 5 relative to Telkwa and Houston. 
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Overall, the data strongly suggest that residential wood smoke is a consistent, 
dominant source of PM2.s in the communities during the heating season. First, strong 
correlations are observed between levoglucosan and PM2.5 in all communities except 
Terrace (Table 4.8, Figure 4.8). The lack of correlation in the Terrace data is difficult to 
interpret due to its small sample size and limited range of values. Second, positive 
relationships are observed between levoglucosan/PM2.s ratios and heating degree day 
(Figure 4.9). Spearman correlations of the two variables ranged from 0.15 - 0.48 with 
Telkwa being statistically significant (p <0.05) and Houston on the verge of statistical 
signifance (p = 0.06). These relationships provide some indication that wood smoke is 
linked to building heating requirements and thereby residential wood burning. 
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Figure 4.8. Scatterplot of levoglucosan and PM2 5 concentrations during the heating season (48 
hours/14 day sample). 
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Figure 4.9. Scatter plot of levoglucosan/PM2.5 ratio and heating degree day during the 2007-08 and 
2008-09 heating season. Spearman correlation coefficients are reported for individual communities in 
each pane. 
Third, seasonal shifts of ABS/PM2,s indicate that the proportional contribution of 
PM2.5 sources differ between the heating and non-heating season. Combustion derived 
sources of PM2.5 comprise a larger proportion of total PM2.5 during the heating season 
(Figure 4.10) and sources such as vehicular traffic and industrial emissions do not likely 
contribute to the observed shift since their emissions are relatively constant throughout 
the year. Given strong levoglucosan and ABS correlations, positive relationships 
between levoglucosan/PM2.5 and heating degree day, and indications of smaller 
levoglucosan/PM2.s ratios at the a beginning and end of the heating season (Figure 
4.11), it is likely that wood smoke is driving the ABS/PM25 ratio higher during the 
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Figure 4.10. Boxplots comparing ABS/PM2.5 ratios between the heating and non-heating 
season. Whiskers extend to the 5th and 95th percentile, outliers extend to the 2nd and 98th 
percentiles ,and (*) indicates the mean. 
heating season. Although, an increase of dust during the non-heating season will reduce 
ABS/PM2.S and also contribute to the seasonal differences observed. 
Lastly, slopes relating TEOM PM25 and HI PM25 values ranged between 0.44 and 
0.50, indicating that significant volatilization of semi-volatile compounds occurred 
during sample heating in the TEOM. This may be explained by wood smoke aerosols 
which contain several semi-volatile compounds (Lipsky & Robinson, 2006). 
4.2.3 Comparison of the 2007-08 and 2008-09 heating seasons 
4.2.3.1 Temporal Trends 
HI PM2.S, levoglucosan, and levoglucosan/PM2 5 ratios show similar temporal 
trends between the 2007-08 and 2008-09 heating seasons with the exception of two 
notable deviations (Figure 4.11). First, strong spikes of PM2 5 (28.4 ng m"3 - 34.4 ng m"3) 
and levoglucosan (2.4 \xg m"3 - 2.5 |ig m"3) occurred in Smithers, Telkwa, and Houston 
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Figure 4.11. Time series of HI PM! S, levoglucosan and levoglucosan/PM25 ratios during the 2007-08 and 2008-09 heating seasons (2 week averages). Note: Data 
were collected in Terrace for the 2007-08 heating season only 
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during the last two weeks of December 2008 when a continental arctic air mass settled 
over the region. Winds were generally calm to light (< 2 m s"1) and 24-hour average 
temperatures remained below -10°C, and dropped as low as -30°C (Figure 4.12). As a 
result, conditions were conducive to the formation and persistence of strong 
temperature inversions. The relatively constant levoglucosan/PM2.s ratios (Figure 4.11) 
also support that meteorological conditions were likely the main cause of the 
concentration spikes rather than proportionally higher contributions of wood smoke. 
PM2.5 
Wind Speed 
Temperature 
2008 
Figure 4.12. Meteorological conditions and TEOM PM2.5 concentrations (24 hour averages) at the five 
central monitoring stations during December 2008. 
The second deviation is the reduction of levoglucosan in Houston near the 
beginning of November 2008 (filter WB2-H04). The reason for this reduction is not 
clear. Meteorological conditions during the collection of WB2-H04 were similar to the 
previous (WB2-H03) and subsequent (WB2-H05) samples. It is possible that less wood 
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burning occurred during the WB2-H04 sample period but the magnitude of the 
reduction also points to the possibility of an undetected laboratory error. 
4.2.3.2 Intra-community comparisons 
HI PM2.5, levoglucosan, ABS as well as levoglucosan/PM2.s and ABS/PM2.5 ratios 
were tested for differences between the 2007-08 and 2008-09 heating seasons for each 
community (Mann Whitney, 2-tail, a = 0.05). All tests indicated that the two heating 
seasons were not statistically different with the exception of levoglucosan/PM2.s in 
Telkwa and Smithers (p = 0.03 and p = 0.05 respectively). The time series in Figure 4.11 
and boxplots in Figure 4.13 show that the levoglucosan/PM2.s ratios tended to be lower 
in all communities during the 2008-09 heating season with Houston, Telkwa, and 
Smithers showing the largest median reductions (37%, 11%, and 8% respectively). 
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Figure 4.13. Levoglucosan /PM2.5 ratios during the 2007-08 and 2008-09 
heating seasons. Whiskers extend to the 5th and 95th percentile, outliers 
extend to the 2nd and 98th percentiles, and (*) indicates the mean. 
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4.2.4 Potential impact of wood smoke from slash burning 
Slash burning records indicate that ~22,000 piles were burned in 479 locations 
during the 2007-08 heating season and ~16,000 piles were burned in 354 locations 
during the 2008-09 heating season. The majority of burning took place during October 
and November with the largest proportion of piles being located within 100 km of 
Houston and Burns Lake (Table 4.9). 
Table 4.9. Summary of slash burning activity that occurred within 100 km of the central monitoring 
stations during the 2007-08 and 2008-09 heating seasons. 
2007-08 HS 2008 NHS 2008-09 HS 
#Sites #Piles #Sites #Piles #Sites #Piles 
All stations (unique records) 479 22,242 6 728 354 15,865 
Terrace 23 357 2 63 83 2,388 
Smithers 261 6,292 4 665 273 10,611 
Telkwa 303 8,857 4 665 283 11,364 
Houston 424 18,686 4 665 300 13,975 
Burns Lake 438 20,891 0 0 218 10,347 
Time series plots showing PM2.5, PM10, and the number of slash piles burned 
suggest slash burning activities may have contributed to PM2.5 concentration spikes 
during the fall (October and November) (Figure 4.14 and Figure 4.15). The largest spikes 
during these two months tended to occur in Houston and Burns Lake. 
To investigate the potential impact of slash burning in the communities, boxplots 
of levoglucosan/PM2.5 and heating degree day were categorized by season (Figure 4.16). 
Levoglucosan/PM2.5 ratios were found to be higher during the fall than the spring. Given 
the increased slash burning activity during the fall, it is conceivable that the observed 
increase may relate to this activity. In the absence of slash burning, it would be expected 
that levoglucosan/PM2.5 ratios during the fall would be comparable to the spring due to 
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Figure 4.14. Time series plots of TEOM PM2 5, PMa0 concentrations (24-hour averages), and the number of 
piles burned within 100km of the communities during the 2007-08 heating season. Slash piles are plotted 
according to the day the piles were lit. 'Potential impact' piles are a subset of slash piles within 100km of 
the communities. These piles were identified as having greater potential to have impacted the 
communities due their location and the meteorological conditions associated with the burn period. The 
number of piles indicated by the asterisks (*) in the Houston and Telkwa panels are > 1500. Houston: 18 
Oct 2007 = 2958 piles, 23 Oct 2007 = 3364 piles, and 7 Nov 2007 = 3275 piles. Burns Lake: 18 Oct 2007 = 
2160 piles, 23 Oct 2007 = 2474 piles, and 7 Nov 2007 = 3275 piles. Red asterisks indicate that the piles are 
a part of the potential 'impacf pile subset. 
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Figure 4.15. Time series plots of TEOM PM2.5, PM10 concentrations (24-hour averages), and the 
number of piles burned within lOOkm of the communities during the 2008-09 heating season. 
Slash piles are plotted according to the day the piles were lit. 'Potential impacf piles are a 
subset of slash piles within 100km of the communities. These piles were identified as having 
greater potential to have impacted the communities due their location and the meteorological 
conditions associated with the burn period. 
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similar heating degree day values between the two seasons. Still, it is likely that slash 
burning is not the only PM25 source contributing to the difference of levoglucosan/PM25 
between the spring and fall. High dust concentrations during the spring may drive the 
ratio down, contributing to the magnitude of difference observed between the two 
seasons (Figure 4.14 and Figure 4.15). 
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Figure 4.16. Boxplots of levoglucosan/PM25 and heating degree day 
categorized by season. Fall = October and November, Winter = 
November through February, and Spring = March and April. Whiskers 
extend to the 5th and 95th percentile, outliers extend to the 2nd and 
98th percentiles, and (*) indicates the mean. 
To further investigate the potential impact of PM2.5 from slash burning on 
community air quality, levoglucosan/PM2.s ratios and the number of slash piles burned 
were compared (Figure 4.17). There is a slight indication of a positive, but weak 
relationship in Smithers and Burns Lake during the 2007-08 heating season and in all 
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communities during the 2008-09 heating season. Spearman correlations were not 
statistically significant even when data were pooled across the two heating seasons (p > 
0.05). Weighting the number of slash piles by distance to the central monitoring station 
and subsetting the data to include only (1) slash piles with higher potential to impact the 
communities or (2) the time period when the majority of slash burning occurred 
(October and November), did not reveal stronger relationships. 
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Figure 4.17. Scatter plots of 2-week averaged levoglucosan/PM2.s ratios and number of slash piles 
burned within 100 km of each central monitoring station. Best fit lines are shown for each of the 
heating seasons. 
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4.3 Mobile monitoring 
This section begins with a data quality assessment of the measurements collected 
during the mobile monitoring sessions. Meteorology and slash burning activities during 
the mobile monitoring sessions are then characterized. The remainder of the section 
focuses on the spatial distribution of wood smoke within the communities, characterizes 
wood smoke hot spots, and evaluates how well the central monitoring stations 
represent community-wide PM2.5 during the evenings monitored. 
4.3.1 Data quality 
4.3.1.1 Nephelometer field samples 
Mobile monitoring data were collected in the five communities on 38 evenings 
between 20 November 2007 and 22 April 2008 (Table 4.10). One evening in Burns Lake 
was excluded (6 December 2007) because a significant amount of data were missing 
from a central residential area in the community. A second evening in Burns Lake, 12 
March 2008, was invalidated due to heavy logging truck traffic that impacted the mobile 
nephelometer measurements. 
Extreme values and isolated peaks of the nephelometric data were examined for 
quality control purposes. There were two instances in Houston and two instances in 
Burns Lake where the extinction coefficient (osp) of the mobile nephelometer exceeded 
its maximum range of 2000 Mm'1 (Ecotech, 2005). In Houston, both instances occurred 
in the same neighbourhood on different evenings (1 December 2007 and 3 February 
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Table 4.10. Summary of evenings when mobile monitoring was conducted. Refer to 
Appendix F, Table F1 for detailed summary of each evening. 
Community Dates n Community Dates n 
Terrace 15-18 Feb 08 
4-6 Mar 08 
7 Houston 28-30 Nov 07 
1-2 Dec 07 
21-22 Jan 08 
2-3 Feb 08 
10 
Smithers 20-24 Nov 07 11 Burns Lake 6* & 8 Dec 07 10* 
Telkwa 16 & 24 Jan 08 
20-24 Feb 08 
9 & 11 Jan 08 
12* & 13 Mar 08 
19-22 Apr 08 
* Bums Lake: 6 Dec 07 excluded from interpolations because a significant amount of 
data were missing from a central residential area in the community. 12 Mar 08 was 
invalidated due to heavy logging truck traffic and road dust. 
2008). Field observations and other measurements taken in the immediate vicinity 
indicate that the neighbourhood was heavily impacted by wood smoke. These two data 
points were flagged and assigned values of 2000 Mm'1. In Burns Lake, the two data 
points that exceeded 2000 Mm"1 were removed because they did not appear to be 
associated with heavy wood smoke. 
The data were also examined in ArcMap to verify that areas of repeated 
sampling were in general agreement. Locations where the vehicle was turned around 
(e.g. ends of dead-end roads) were examined for spikes. There were a few instances 
where elevated levels occurred at the ends of roads however in most cases field notes 
also indicated the presence of wood smoke. Other data that were removed due to non-
wood smoke events are listed in Table 4.11. 
The fixed-site nephelometric data were compared to collocated TEOM PM2 S 
measurements to identify potential outliers. Correlations between the two instruments 
were strong (Spearman r = 0.90, all data combined) (Table 4.12) and scatter plots (not 
shown) did not reveal any obvious outliers. All measurements collected at the fixed-sites 
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(2.33 Mm"1 - 861.65 Mm"1) were below the maximum 2000 Mm"1 threshold of the 
nephelometer. 
Table 4.11. Elevated mobile nephelometer measurements that were excluded due to association 
with non-wood smoke events. 
Community Mobile ID Date Time Comment 
Terrace TR_lm 15 Feb 08 21:20:50 -21:22:50 Vehicle stopped (road block) 
TR_6m 5 Mar 08 21:34:10 -21:34:20 Vehicle in front (exhaust) 
21:54:00 -21:54:10 Vehicle in front (exhaust) 
Smithers SM_lm 20 Nov 07 23:31:10 -23:33:40 Vehicle stopped 
Burns Lake BL_5m 13 Mar 08 20:36:36 -20:39:10 Equipment adjustment 
22:25:50 -22:26:10 Vehicle in front (exhaust) 
Bl_7m 20 Apr 08 20:07:50 -20:11:10 Equipment adjustment 
20:43:20 - 20:44:20 Equipment adjustment 
20:59:30 - 20:59:50 Equipment adjustment 
Table 4.12. Summary of fixed-site nephelometer and TEOM 
collocation periods: n = # hourly average measurements, 
rTP..r = spearman correlation coefficient. 
Community ID Date n r uwar 
Terrace TR_lf 15-19 Feb 08 87 0.82 
TR_2f 3-7 Mar 08 61 0.85 
Total 148 0.89 
Smithers SM_lf 20-25 Nov 07 114 0.98 
Total 114 0.98 
Telkwa TK_lf 16-18 Jan 08 41 0.87 
TK_2f 24-25 Jan 08 17 0.73 
TK_3f 19-25 Feb 08 113 0.92 
Total 171 0.92 
Houston H01_f 28 Nov - 3 Dec 07 55 0.78 
H02_f 21-23 Jan 08 50 0.74 
H03_f 2-3 Feb 08 25 0.86 
Total 125 0.94 
Burns Lake BLl_f 6-12 Dec 07 133 0.89 
BL2_f 9-12 Jan 08 63 0.83 
BL3_f 12-14 Mar 08 37 0.87 
BL4_f 19-23 Apr 08 85 0.86 
Total 318 0.92 
All Communities 876 0.90 
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4.3.1.2 Nephelometer collocations 
After each sampling session, the two nephelometers were subject to collocation 
tests and calibration checks. Due to limited working space, the collocations most often 
took place in an empty fume hood at the Skeena Region Ministry of Environment 
laboratory in Smithers however three of the collocations were performed on the work 
bench in the laboratory and one at a technician's home. 
The nephelometers were strongly correlated with one another during the 
collocations (rspear = 0.995) and the mean difference between the two instruments was 
small, 1.140 Mm"1 (Table 4.13). Still, a bias between the two instruments was detected 
during some of the collocations even though temporal trends were very similar. The bias 
appeared to be related to the heterogeneous environment in the fume hood rather 
than the instrument error. The nephelometer placed closest to the fume hood exhaust 
generally measured higher osp and lower air temperatures (Table 4.13 and Figure 4.18). 
The biases can be explained by ambient air being channelled down the fume hood 
exhaust and more directly affecting the nephelometer situated below the vent. The 
largest differences between the two instruments occurred when fluctuations in ambient 
PM2.5 were particularly large such as the 20 December 2007 collocation. Additionally, 
these biases were not observed for collocations conducted outside of the fume hood 
(19 November 2007,20 January 2008, and 15 March 2008). 
Even though some of the differences between the two nephelometers during 
the 20 December 2007 collocation were quite large, the field data collected before and 
after the collocation (Burns Lake: 6,8 December 2007 and 9,11 January 2008) were not 
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Table 4.13. Summary of nephelometer collocation data. If the collocation took place in the fume hood, 
the nephelometer closest to fume hood exhaust is listed under Location heading. 
Date 
Mean Diff. 
(Mm1) 
Precision 
(Mm1) 
Slope 
x = Mobile 
y = Fixed-site 
Intercept 
(Mm"1) 'spear Location 
19 Nov 07 0.841 2.405 1.099 -1.146 0.998 technician's home 
27 Nov 07 2.400 2.103 1.174 -2.088 0.994 fume hood: fixed-site 
3 Dec 07 -1.799 0.726 0.894 0.251 0.992 fume hood: mobile 
20 Dec 07 10.182 9.051 1.348 -7.289 0.989 fume hood: fixed-site 
12 Jan 08 -0.536 0.505 0.947 -0.013 0.994 fume hood: mobile 
18 Jan 08 0.006 0.278 0.998 0.05 0.990 NA 
19 Jan 08 1.741 0.817 0.988 2.06 0.999 NA 
20 Jan 08 0.949 0.816 1.023 -0.18 0.997 work bench 
25 Jan 08 -2.937 2.233 0.922 1.265 0.991 fume hood: mobile 
7 Mar 08 2.274 1.309 1.058 0.05 0.999 fume hood: fixed-site 
14 Mar 08 0.557 0.408 1.038 -0.112 0.997 fume hood: mobile 
15 Mar 08 0.644 0.652 1.039 -0.381 0.998 work bench 
23 Apr 08 0.456 1.135 0.946 1.838 0.990 fume hood: mobile 
ALL 1.140 3.643 1.084 -1.397 0.995 NA 
r spear = Spearman correlation 
mean difference = 2 (fixed-site - mobile) /n 
precision = std.dev (fixed-site - mobile)/V2 
invalidated or adjusted because (1) the nephelometers were strongly correlated during 
the 20 December 2007 collocation, (2) both nephelometers passed the 20 December 
2007 calibration check as well as the previous and subsequent checks (3 December 2007 
and 12 January 2008), and (3) the bias observed can be explained by the environment 
within the fume hood. 
4.3.1.3 Nephelometer calibrations 
Ten calibration checks were performed on each nephelometer throughout the 
study period. The mobile nephelometer required one calibration (14 March 2008) and 
the light source required cleaning on 26 November 2007 when the zero gas 
measurement (0.520 Mm"1) fell outside the accepted range (0.000 ± 0.500 Mm"1). After 
the light source was cleaned, the zero gas measurement fell within the accepted range 
(0.142 Mm'1) so a calibration was not necessary. 
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Figure 4.18. Time series plots of nephelometer collocations (5 minute averages) and ambient TEOM PM2.5 concentrations {1 hour averages) measured at 
the Smithers central monitoring station. Locations of collocation tests are indicated in each panel. The location of the 18 and 19 January 2008 
collocations were not documented. 
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The fixed-site nephelometer required two calibrations (20 January 2008 and 14 
March 2008). Additionally, one of the internal filters (DFU zero/span 99%) required 
replacement on 20 January 2008 when the full calibration failed. Details of the 
calibration checks and maintenance performed on both nephelometers throughout the 
study period can be found in (Appendix F, Table F2). 
4.3.2 Summary of evenings monitored 
Temperature, wind speed, and TEOM PM25 concentrations measured at the 
central monitoring stations indicate that preferred monitoring conditions (cool 
temperatures, low wind speeds, and elevated PM25 concentrations) were most 
prevalent during mobile monitoring runs in Terrace, Smithers, and Telkwa (Figure 4.19). 
A time-series plot of TEOM PM23 concentrations during the 2007-08 heating season 
shows that mobile monitoring conducted in Smithers and Telkwa most frequently 
captured periods when PM25 concentrations were rising or had peaked (Figure 4.20). 
Seasonally high PM2.5 periods were also captured in Terrace along with the beginning 
and tail end of the peaks when concentrations were less elevated. 
In Houston and Burns Lake, temperatures were cold during the mobile monitoring 
runs but wind speeds and TEOM PM2 5 concentrations tended to be to closer to median 
values for the heating season (Figure 4.19). Periods captured were in between or at the 
tail end of seasonally prominent PM2 5 peaks (Figure 4.20). As well, the magnitude of the 
peaks were moderate to small relative to other PM2 5 peaks during the heating season, 
particularly in Burns Lake. Table 4.14 classifies all of the evenings monitored according 
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Figure 4.19. Summary of TEOM PM2 5 concentrations, temperature and wind speed at the central monitoring stations during a) evenings 
when mobile monitoring was conducted (2000 - 0200 PST), b) hours that mobile monitoring was actually occurring and c) evenings when 
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Table 4.14. Monitored evenings classified according to median TEOM PM2.S concentrations. 
Mobile monitoring sessions are categorized into two groups: 1) evenings with median TEOM 
PM25 values i the heating season evening TEOM PM2 5 median and 2) evenings with median 
TEOM PMz.s values < the seasonal TEOM PM2 5 median. 
Community 
TEOM PMj.5 [(jig m"3] 
seasonal evening 
median 
i TEOM PM2 5 heating 
season evening median 
Mobile monitoring ID 
< TEOM PM2 5 heating 
season evening median 
Terrace 
Smithers 
Telkwa 
Houston 
Burns Lake 
3 
8 
8 
6 
6 
TRlm, TR3m, TR4m 
SMlm 
TR2m, TR5m, TR6m, TR7m 
SM2m, SM3m, SM4m, 
SM5m, SM6m, SM7m, 
SM8m, SM9m, SMIOm, 
SMllm 
TK2m, TK4m, TK5m, TK7m, 
TK8m, TK9m, TKlOm, TKllm 
H03m, H06m, H07m, H08m, HOlm, H02m, H04m, 
H09m 
BL2m, BL5m, BL8m, BL9m 
TKlm, TK3m, TK6m 
H05m, HOlOm 
BL3m, BL4m, BL6m, 
BL7m 
to those that fell above the median TEOM PM2.5 value for all heating season evenings 
and those that fell below. 
Table 4.15 summarizes the nephelometric data collected during the mobile 
monitoring sessions by community. Median values for the communities ranged from 
36.97 Mm"1 to 81.53 Mm"1 
with Smithers, Telkwa, and 
Terrace having the highest 
median and 75th percentiles. 
Summaries of the mobile 
monitoring data and 
Table 4.15. Summary statistics of all 10-second instantaneous 
nephelometric measurements collected during mobile 
monitoring. The values summarized are expressed in units of 
Mm"1 and were adjusted for within-evening temporal 
variation (see Equation 3.2). 
Community Q1 Median Mean Q3 
Terrace 7.46 67.80 115.109 166.53 
Smithers 50.23 81.53 100.528 134.09 
Telkwa 14.32 62.66 107.488 152.54 
Houston 13.78 36.97 109.43 97.31 
Burns Lake 25.11 42.39 58.981 67.66 
meteorological conditions for each evening monitored are provided in Appendix F. 
In general, regional custom venting forecasts proved to be a useful tool for 
capturing evenings with seasonally high PM2.s concentrations. However, with suitable 
monitoring conditions occurring concurrently across the region (Figure 4.20) and only 
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one set of monitoring equipment, capturing equally representative conditions in all five 
communities proved to be somewhat challenging. 
4.3.2.1 Potential impacts from slash burning 
A total of 338 slash piles were burned within 100km of the five communities 
while mobile monitoring was being conducted. All of these burn events occurred in 
November and December 2007 (Table 4.16). Approximately 60% of the piles (204) were 
flagged as having greater potential to impact the communities due to their proximity 
and wind direction. 
Table 4.16. Slash piles burned during mobile monitoring sessions. All = total number of slash piles 
burning within 100km of central monitoring station, Impact = number of slash piles burning within 
100km of central monitoring station and located within ± 22.5° of the average wind direction or in 
drainage valleys that led to the community of interest. 
Community Mobile ID: Date Slash Burn Period 
Slash Piles 
S100km 
Start End All Impact 
Smithers SMI: 20 November 2007 17/11/2007 20/11/2007 22 0 
Smithers SM4, SM5: 23-24 November 2007 23/11/2007 26/11/2007 150 150 
Smithers SMS: 24November 2007 24/11/2007 27/11/2007 50 0 
Telkwa TK1: 20 November 2007 17/11/2007 20/11/2007 22 0 
Telkwa TK4, TK5: 23-24 November 2007 23/11/2007 26/11/2007 150 0 
Telkwa TK5: 24 November 2007 24/11/2007 27/11/2007 50 50 
Houston H04, H05:1-2 December 2007 01/12/2007 04/12/2007 128 4 
Burns Lake BL2:8 December 2007 04/12/2007 07/12/2007 50 0 
Mobile monitoring sessions that may have been most heavily impacted by slash 
burning were conducted on 23 and 24 November (SM4, SM5, TK4, and TK5, Table 4.16 
and Figure 4.20). During these sessions, 200 slash piles were burning within 100 km of 
Smithers and Telkwa and meteorological conditions were conducive to pollutant 
trapping (Appendix F, Table Fl). An air quality advisory for PM2.s was in effect during the 
November 24, 2007 mobile run. In Houston, 128 slash piles burning within 100 km of the 
community during the 1, 2 December 2007 mobile runs (H04 and H05, Table 4.16) 
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however only 4 of these piles were flagged as potentially 'high impact' piles, wind 
speeds were slightly elevated during these two evenings (medians, 2.2 m s"1 and 3.6 m s" 
1 respectively), and TEOM PM25 concentrations remained quite low (< 5 ng m"3). Given 
that smoke from slash burning is a regional source of PM25 which is transported into the 
communities, and spatial patterns of the mobile measurements during the four 
evenings indicated above are not distinctly different from other evenings monitored, it 
is assumed that impacts from slash burning were relatively equal throughout the 
communities. 
4.3.3 Estimating PM2.s concentrations from nephelometric measurements 
Nephelometer and TEOM PM2.5 measurements collected at the central 
monitoring stations confirm that the two instruments were highly correlated in each 
community (Spearman r = 0.89-0.98 for 1-hour averages) however the nature of the 
relationship varied between communities.The highest light scattering efficiencies (i.e. 
steepest slopes) were observed in Telkwa (10.5 m2 g"1) and Houston (12.9 m2 g"1) (Figure 
4.21). Since these two communities also had the largest levoglucosan/PM2.s ratios, it is 
suggests that their nephelometer-TEOM relationships may be the most representative 
of wood smoke. Whereas, lower scattering efficiencies and smaller levoglucosan/PM2 5 
ratios observed at the central monitoring station in Terrace, Smithers, and Burns Lake 
could indicate that these nephelometer-TEOM PM2 5 relationships represent more of a 
mixture of combustion derived PM2 S sources that includes wood smoke. 
Small but perceptibly different nephelometer-TEOM relationships were observed 
between the two collocation periods in Terrace (Figure 4.21) which may be explained by 
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differing PMi0 concentrations. PMi0 was very high during the 4-7 March 2008 
collocation (60 ng m"3- 99 ng m'3,24-hour averages) and much lower during the 15-19 
February 2008 collocation (6 ng m"3-12 ng m"3). Although, small differences in the 
nephelometer-TEOM relationship were observed, the general similarity confirms that 
dust did not strongly impact the nephelometric measurements. This is also illustrated in 
Burns Lake where PMi0 concentrations were elevated during the 12-14 March 2008 
collocation (81 ng m"3 -118 m~3, 24-hour averages). 
The reason for the relatively large amount of scatter in the Telkwa 
nephelometer-TEOM relationship is not known (Figure 4.21). Since the fixed-site 
measurements confirmed that the Telkwa station is impacted by wood smoke, it is 
possible that the noise relates to the volatilization of semi-volatile aerosols in the TEOM. 
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Figure 4.21. Scatterplot of nephelometer-TEOM collocations conducted at central monitoring stations. 
The solid line represents the line of best fit. Slope and Spearman correlation coefficients are reported 
in each panel. 
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Regression models were applied in a two-step process to estimate PM25 
concentrations for the mobile nephelometric data. First, the TEOM PM2.s data were 
adjusted to correct for semi-volatile losses 
(TEOMadj) using the relationship between 
collocated HI PM25 and TEOM PM25 
Table 4.17. HI-TEOM regression model used 
to correct TEOM PM25 measurements for 
loss of semi-volatile compounds. General 
model structure: y = (5, + PiX, where y = 
TEOM,di = log,(HI PM2.5 +1) [ng m-3I, p, = 
community specific intercept, and Pi = 
measurements (Table 4.17). Note that 
correlations between HI PM2 S and TEOM 
PM2.5 were strong (rspe3r = 0.69-0.96) and 
volatilization within the TEOM was 
apparent in all five communities (Figure 
4.22). 
loggfTEOM PM2 s + 1) [jig m' ]. SE = standard 
error. Adj. Rz = 0.95, n = 54) 
Parameter Estimate (SE) 
Slope (^x) fug m'3] 1.14(0.04) 
Intercept (P,) [jig m"3] 
Terrace 0.33(0.07) 
Smithers -0.04(0.05) 
Telkwa 0.24(0.05) 
Houston 0.27(0.05) 
Burns Lake -0.01 (0.05) 
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Figure 4.22. Relationship between TEOM PM25 and HI PM2,5 concentrations at the 
central monitoring station in each community. 
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In the second step, community-specific nephelometer-TEOMadj regression 
models were used to estimate PM25 concentrations for the mobile nephelometric data 
(Table 4.18). A single nephelometer-TEOMadj model that included community as a 
categorical variable was also considered however the assumption of equal variance 
between groups was not met (Levene's test F = 45.04, p < 0.001). Variables in both 
models were loge(x +1) transformed to normalize the distribution of the data and to 
avoid taking the log of zero. 
Table 4.18. TEOM-nephelometer regression models used to estimate 
TEOM PM2.s equivalent concentrations from the mobile nephelometer 
data. General model structure: y = P0 + Pi*,where y = loge(TEOM„,j 
PM2.s +1) [ng m"3], P» = intercept, and Pi = loge(osp+1) [Mm1]. SE = 
standard error. 
Model Intercept (SE) lug m"3] 
Slope (SE) 
[gm-2] n R
2 
Terrace -1.13(0.14) 0.93(0.04) 148 0.80 
Smithers -1.93(0.09) 1.09 (0.02) 114 0.96 
Telkwa -1.79(0.16) 0.98(0.03) 171 0.83 
Houston -2.03(0.14) 1.02(0.03) 126 0.88 
Burns Lake -1.16(0.09) 0.90(0.02) 318 0.83 
Alternative "wood smoke" regression models, based on pooled Telkwa and 
Houston data, were also developed for comparative purposes as these models may 
better represent residential areas impacted by wood smoke (Table 4.19). Estimated 
PM2.5 derived from these community specific and "wood smoke" models are presented 
later in this chapter (section 4.3.3.4). 
Three main limitations that should be noted with regards to the estimated PM25 
concentrations include: (1) the magnitude of light scattering values measured during 
mobile monitoring extend beyond the range measured at the central monitoring 
stations therefore the regression models are extrapolated to obtain estimated PM25 
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Table 4.19. Regression parameters for (1) adjusting TEOM PM2 5 to 
gravimetric equivalent concentrations, and (2) estimating PM2S 
concentrations for the nephelometer measurements. General model 
structure for both models: y = po + Pix. For the HI-TEOM model, y = TEOM,di 
= loge(HI PM2.s +1) [|ig m'3] and p0= intercept. For the nephelometer-
TEOMidi model, y = loge(TEOM,dj PM2.s +1) (Mg m'3], (30 = intercept, and fa = 
—oe\»® • -/ t j '  
Model Intercept (SE) [ugm3] 
Slope (SE) 
Igm"2] n R
2 
(1) HI-TEOM 0.25 (0.10) 1.14 (0.05) 23 0.96 
(2) Nephelometer-TEOM,dj -1.16(0.09) 0.90 (0.02) 297 0.83 
concentrations for areas heavily impacted by wood smoke, (2) the HI-TEOM and 
nephelometer-TEOMadj regression models are based on two-week and hourly averages 
respectively which may not provide accurate PM25 concentrations for the instantaneous 
mobile measurements, and (3) the nephelometer response is dependent upon particle 
properties which vary within and between communities. Given these limitations, 
estimated PM25 reported for the mobile monitoring should only be considered as a 
semi-quantitative indicator of PM25 concentration. 
4.3.4 The spatial distribution of wood smoke 
In the following section, the spatial distribution and variability of the mobile 
nephelometer data are mapped, persistent hot spot locations are identified, and the 
community-wide representativeness of the PM25 TEOM in each community is 
evaluated. 
4.3.4.1 Intra-community comparisons of mobile nephelometry data 
Point data collected during mobile monitoring were spatially interpolated to 
create continuous surfaces. The data were expressed in two ways: (1) as a mean z-score 
layer, which illustrates the spatial distribution of the measurements in relative terms, 
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and (2) as nephelometer-TEOM ratios, where the mobile measurement is expressed as a 
proportion of the TEOM PM25 concentration measured at the central monitoring 
station. 
Investigations that explored contrasts of spatial patterns between (1) evenings 
with seasonally high and seasonally low TEOM PM25 concentrations (see Table 4.14), (2) 
wind speed: above/below 1 m s"\ (3) weekday/weekend, and (4) direction of travel 
along the route did not reveal distinctly different spatial patterns and hot spot locations 
were generally consistent between the contrasting groups. Even though subtle 
differences were observed in some cases, such as stronger pollutant pooling during 
evenings when PM2.s concentrations are seasonally high and winds are calm (< 1 m s"1) 
in Terrace (Figure 4.24), the general agreement between the group evaluated suggested 
that combining all evenings for each community into a single map to illustrate the mean 
spatial distribution of PM2.s was considered reasonable. 
4.3.4.2 Spatial interpolation 
IOW and lognormal kriging (ordinary and universal) were applied to the mean z-
score and nephelometer-TEOM ratio point layers. For IDW, optimized positive power 
parameter (P) values along with a minimum of 10 and maximum of 15 neighbouring 
points were used to develop the final IDW models because these parameters produced 
a smooth surface while retaining local variation. Although, since the sampling density 
was high, changing P did not have a large effect on the model fit. 
When comparing between ordinary lognormal kriging (OLK) and universal 
lognormal kriging (ULK), OLK performed the best (lowest RMSE) in all cases except 
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Figure 4.24. Mean spatial distribution of PM2.S in Terrace during a) 
seasonally high PM2.5 and calm winds {< 1 ms"1) and b) seasonally low 
PM2.5 and light winds (1-3 m s'1). 
Smithers mean z-score. OLK was not 
suitable for the Smithers mean z-score point 
data because the semivariogram range was 
unstable. As well, the data exhibited a global 
inverted u-shaped trend which supported 
the use of universal lognormal kriging (ULK) 
(Figure 4.23). The global trend observed in 
the Smithers data may be reflective of 
Figure 4.23. Trend analysis of Smithers mean z-
score showing the inverted u-shaped trend in 
cross (green) and up-down valley (blue) 
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stronger pollutant pooling since the evenings monitored had seasonally high PM2.s 
concentrations, low temperatures, and calm to light winds (Figure 4.19). These 
conditions were more prevalent in Smithers than the other four communities. It is also 
possible that the u-shaped trend simply reflects that the majority of the elevated PM2.5 
concentrations were centrally located within the sampled domain. Similar global trends 
were somewhat evident in Telkwa, Houston, and Burns Lake however OLK was found to 
produce better fitting models. 
The Burns Lake mean nephelometer-TEOM ratio point data were found to be 
unsuitable for analysis because the condition of including only ratios associated with 
TEOM PM2.5 concentrations £ 5 ^ig m"3 led to the exclusion of 50% of the data and 
prevented the ability to produce a meaningful map. 
The best fit models for each approach, IDW and kriging, are presented in Table 
4.20 and Table 4.21. Cross-validation statistics indicate that two interpolation methods 
performed very similarly. IDW and kriging produced nearly equal RMSE (NRMSE ranging 
from 9.1%-11.4%) with each method producing the lowest RMSE approximately half of 
the time. This result is not surprising given the high sampling density. Cross-validation R2 
values indicate that the models explained 62%-83% of the observed variability with 
models for Terrace, Smithers, and Telkwa performing better than Houston and Burns 
Lake (Table 4.20). IDW and kriging cross-validation slope values ranged from 0.60-0.87 
and 0.58-0.85 for mean z-score and, 0.75-0.88 and 0.77-0.91 for mean nephelometer-
TEOM ratios respectively. 
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The ranges of semivariograms used to model the spatial dependency of the best-
fit mean z-score (kriging) models fell between 1342m (Telkwa) and 2245m (Terrace) and 
indicate that the distance of spatial dependence of the mean wood smoke surfaces 
during the 2007-08 heating season. 
For the purposes of illustrating the spatial variability of the mobile monitoring 
data, the best fit IDW models were chosen because they show local variability better 
than kriging which tended to generate smoother patterns (e.g. Figure 4.25). Since the 
densities of the measurements create near continuous surfaces themselves, the 
localized variation is reflective of the measurements. 
Figure 4.2S. Burns Lake mean z-score surface generated by a) IDW and b) OK. Kriging tended to 
smooth local variation therefore the best fit IDW models were chosen to display the mobile 
monitoring data. 
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Table 4.20. Best fit IDW and kriging models for the mean zscore layers calculated from the mobile nephelometry data. IDW = inverse distance weighted, 
OLK = ordinary lognormal kriging, and ULK = universal lognormal kriging. P = positive power parameter, ME = mean error, RMSE = root mean square error 
(normalized root mean square error = RMSE/xmax - xmln * 100). The minimum and maximum number of neighbouring points used to interpolate values were 
10 and 15 forIDW, and 8 and 20 for kriging respectively; _ 
Model Parameters Cross validation 
Community 
Interpolation 
Method 
n 
Bin size 
(m) 
# 
Bins 
Range 
(m) 
Partial 
Sill 
Nugget 
(% of sill) P ME 
RMSE 
(NRMSE%) Slope Intercept R
2 
Terrace IDW 333 - - -- - - 3.1 0.0132 0.4860 (9.1) 0.76 0.29 0.76 
OLK 333 400 9 2445 0.46 0.04 (7.7) - -0.0080 0.4845 (9.2) 0.76 0.29 0.76 
Smithers IDW 262 ~ - - - - 4.1 0.0194 0.3802 (9.5) 0.84 0.21 0.77 
ULK 261 350 10 2155 0.19 0.07 (26.1) — 0.0010 0.3780 (9.5) 0.85 0.17 0.77 
Telkwa IDW 64 - -- - - - 3.9 0.0229 0.5280 (9.8) 0.87 0.22 0.76 
OLK 64 400 10 1069 0.50 0.00 (0.0) -- 0.0438 0.4991 (11.3) 0.74 0.31 0.72 
Houston IDW 141 - - - - - 3.2 0.0152 0.3744 (11.4) 0.66 0.35 0.66 
OLK 141 400 7 1342 0.28 0.01 (3.7) -- -0.0001 0.3537 (10.8) 0.75 0.27 0.69 
Burns Lake IDW 171 .. - -- ~ -- 3.1 0.0137 0.4848 (10.6) 0.60 0.45 0.60 
OLK 171 350 9 2410 0.29 0.06 (16.4) -- 0.0012 0.4717 (9.6) 0.58 0.47 0.62 
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Table 4.21. Best fit IDW and kriging models for the mean nephelometer/TEOM ratios calculated from the mobile nephelometry and TEOM PM25 data. IDW 
= inverse distance weighted, OLK = ordinary lognormal kriging,, and ULK = universal lognormal kriging. P = positive power parameter, ME = mean error, 
RMSE = root mean square error (normalized root mean square error = RMSE/xmax - xmin * 100). The minimum and maximum number of neighboring points 
used to interpolate values were 10 and 15 for IDW, and 8 and 20 for kriging respectively. 
Model Parameters Cross validation 
Community Interpolation 
Method 
n 
Bin size 
(m) 
# 
Bins 
Range 
(m) 
Partial 
Sill 
Nugget 
(% of sill) P ME 
RMSE 
(NRMSE %) Slope Intercept R
2 
Terrace IDW 322 ~ - - - ~ 5.4 0.0066 0.2492 (5.8) 0.88 0.17 0.83 
OLK 322 400 12 2264 0.27 0.01 (4.7) - 0.0011 0.2549 (5.9) 0.85 0.14 0.83 
Smithers IDW 262 -- - - ~ - 3.9 0.0041 0.1646 (11.1) 0.83 0.15 0.71 
ULK 262 400 7 2130 0.07 0.02 (24.5) - 0.0000 0.1647 (11.1) 0.77 0.20 0.70 
Telkwa IDW 64 -- -- - - - 3.2 0.0054 0.0978 (9.1) 0.75 0.14 0.81 
ULK 64 350 12 761 0.04 0.01 (20.9) - 0.0011 0.0941 (8.8) 0.91 0.05 0.82 
Houston IDW 143 - -- - -
— 
6.2 0.0091 0.1259 (7.4) 0.81 0.08 0.77 
OLK 143 300 8 1238 0.27 0.01 (4.1) - 0.0052 0.1172 (6.9) 0.80 0.10 0.80 
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4.3.4.3 Mapping the mean spatial distribution of wood smoke 
Maps illustrating the mean spatial distribution and standard deviation of the 
mobile measurements are presented in Figure 4.26 through Figure 4.30. IDW model 
parameters for the mean surfaces are listed in Table 4.20. These surfaces were 
displayed in deciles to differentiate areas with relatively high light scattering 
measurements (brown) from those with relatively low values (blue). The standard 
deviation maps are presented in very general terms (on a stretched scale of low to high) 
due to poor model fits (NRMSE = 10.7% -17.1%, see Appendix F for details). 
Nevertheless, the standard deviations were still useful for differentiating persistent and 
intermittent hot spots. 
There are two general commonalities among the maps of the five communities. 
First, the majority of hot spot areas were expectedly variable between evenings (high 
mean z-score and high standard deviation). Although, a number of persistent hot spot 
areas (high mean z-score and low standard deviation) are also evident. These areas are 
further assessed in the subsequent section. Second, outlying areas (with little to no 
localized sources) are characterized by consistently low PM2 5 concentrations. This is an 
important demonstration in terms of verifying the reliability of the mobile monitoring 
method. 
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Figure 4.26. a) Mean spatial distribution and b) variability of nephelometry measurements measured 
during seven evenings of the 2007-08 heating season in Terrace. 
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Figure 4.27. a) Mean spatial distribution and b) variability of nephelometry measurements measured during 
eleven evenings of the 2007-08 heating season in Smithers. 
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Figure 4.28. a) Mean spatial distribution and b) variability of nephelometry measurements measured during eleven 
evenings of the 2007-08 heating season in Telkwa. 
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Figure 4.29. a) Mean spatial distribution and b) variability of nephelometry measurements measured 
during ten evenings of the 2007-08 heating season in Houston. 
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Figure 4.30. a) Mean spatial distribution and b) variability of nephelometry measurements measured during eight evenings of the 2007-08 heating 
season in Burns Lake. 
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4.3.4.4 Wood smoke hot spots 
Smoothed mobile nephelometric measurements (all measurements for all 
evenings) were cross-referenced with community zoning maps to identify which land 
use zones were associated with elevated light scattering values (Figure 4.31). Kruskal-
Wallis tests applied to generalized land use zones (commercial, industrial, institutional, 
park/open space, residential, agricultural, highway and rural) indicate that significant 
differences existed between the groups in each community (p < 0.001). Post-hoc Games 
Howell tests (non-parametric test for unequal sample sizes and unequal variances) were 
used to identify which zones differed from one another at the significance level a = 0.05. 
Land use zones that differed (light blue) from the residential zone (dark blue) are 
indicated in Figure 4.31. Although residential areas were associated with elevated 
measurements in some communities (e.g. Terrace and Telkwa), residential areas were 
not statistically different from other land use zones in many cases. Interestingly, light 
scattering values in parks/open spaces and institutional zones were higher than 
residential areas in Smithers (Figure 4.31). Elevated light scattering measurements in 
institutional and parks/open spaces were somewhat apparent in the other four 
communities as well. Upon closer examination, the condition appears to be at least 
partially explained by the close proximity of several neighbourhood parks, schools, and 
city facilities (e.g. swimming pool) to residential areas that were impacted by wood 
smoke. An example is provided in Figure 4.32 where an institutional land use zone in 
Houston is located directly downwind (west) of the smokiest trailer park in the 
community. Additionally, closer inspection reveals that some of the elevated 
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Figure 4.31. Boxplots of spatially smoothed within-evening adjusted nephelometric measurements (osp) categorized by land use. These boxplots include 
all measurements for all evenings. Light blue boxes indicate which land use zones were found to be statistically different from the residential land use 
zone (dark blue) (Kruskal-Wallis < 0.05 and Games-Howell post-hoc <0.05). Light scattering values are expressed as estimated PMj s on the right axis. 
Estimated PM25 values were derived from the nephelometer-TEOM,dJ regression models listed Table 4.18. Values listed below each boxplot are the 
number of samples (n). Whiskers extend to the 5th and 95th percentile, outliers extend to the 2nd and 98th percentiles, and (*) indicates the mean. 
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Figure 4.32. An example of residential land use zones impacting non-residential land-use zones in 
Houston (1 December 2007). The circled area is a mobile home park known to be heavily impacted by 
wood smoke. Commercial and institutional areas located adjacent to and downwind of the mobile 
home park were impacted (high light scattering values). The median wind speed during this mobile 
monitoring session was 2.5 m s-1 
nephelometric measurements are incorrectly categorized due to errors within the land 
zoning maps. An example of this type of error is illustrated in Figure 4.32 where 
elevated light scattering measurements associated with mobile homes are categorized 
as commercial land use. 
A second comparison was made across residential areas only to identify if 
specific housing types were consistently associated with relatively higher light scattering 
values (Figure 4.33). Similar to the previous comparison, distinct differences were not 
observed between the groups on a community-wide basis. As well, differences observed 
were not consistent between communities. Pairs that were identified as statistically 
different (Kruskal-Wallis and post- hoc Games Howell <0.05) are indicated by each dark 
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blue - light blue boxplot combination. For example, in Terrace, high density residential 
(dark blue) was found to be statistically different from low and medium density 
residential (light blue). 
Land use comparisons up to this point have included all measurements from all 
evenings. These general comparisons suggest that land use zones were not strongly 
associated with specific land use or housing types on a community-wide basis. In terms 
of this study's objectives, there is interest to identify and characterize areas that were 
consistently associated with relatively higher concentrations of wood smoke. Therefore, 
persistent hot spot locations were identified by areas (200 m x 200 m rasters) that 
contained smoothed light scattering values that fell above the 75th percentile for a 
minimum of 50% of the evenings monitored were isolated (Figure 4.34). These areas 
represent 17%, 22%, 6%, 13%, and 14% of the total area monitored for Terrace, 
Smithers, Telkwa, Houston, and Burns Lake respectively and were largely associated 
with residential areas (Table 4.22). 
Low density housing represented a significant proportion of persistent hot spot 
areas in all communities (19%-60%). Other notable residential dwellings include medium 
density residential in Terrace (29%), First Nation reserves in Burns Lake (57%) and 
mobile home parks in Terrace, Smithers, and Houston (4%-14%). 
A summary of smoothed within-evening adjusted light scattering values and 
estimated PM2.s concentrations for the persistent hot spot locations are summarized in 
Table 4.23. Median estimated PM2.5 concentrations for all evenings monitored ranged 
from 13 MS m~3 to 59 |ig m"3 and 14 ng m"3 to 40 ng m"3 when the community-specific 
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Figure 4.33. Boxplots of smoothed within-evening adjusted nephelometric measurements categorized by residential land use zones. Light blue boxes indicate 
which land use zones were found to be statistically different from the residential land use zone (dark blue) Kruskal-Wallis < 0.05 and Games-Howell post-hoc 
<0.05). Light scattering values are expressed as estimated PM2.s on the right axis. Estimated PM2.s values were derived from the nephelometer-TEOMadj 
regression models listed Table 4.18. Values listed below each boxplot are the number of samples (n). Whiskers extend to the 5th and 95th percentile, outliers 
extend to the 2nd and 98th percentiles, and (*) indicates the mean. 
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Figure 4.34 Consistent wood smoke hotspot areas. Areas indicated fell above the 75th percentile of all wood smoke percentile for a minimum of 
half of the evenings monitored. a)Terrace and b) Smithers. Telkwa, Houston, and Burns Lake are shown on the following page. 
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Figure 4.33 continued c) Telkwa, d) Houston, and e) Burns Lake. 
Table 4.22. Percent of land use zones associated with persistent hot spot areas. Percent 
values were calculated by dividing the number of data points within the hot spot areas for a 
given land use by the total number of data points within the hot spot locations. 
Community Commercial Industrial Institutional Park/ Open Space Residential 
Terrace 3.0 3.7 5.3 2.3 85.7 
Smithers 10.4 -- 6.7 10.6 72.3 
Telkwa 20.0 - -- 20.0 60.0 
Houston 18.5 3.7 12.6 6.7 58.5 
Burns Lake 
- --
7 
-
93.0 
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and "wood smoke" regression models were used to estimate PM25 respectively with the 
highest values in Terrace, Telkwa, and Houston (Table 4.23). Maximum estimated PM2.5 
in the five communities ranged from 82 ng m"3 - 286 |ag m"3 and 73 jig m"3 - 226 \ig m"3. It 
should be noted that the relative humidity (RH) for all mobile samples were < 60% 
however the median RH for samples collected in Terrace (25%) was 12%-15% higher 
than the other four communities. As a result, PM2.s concentrations estimated for the 
Terrace mobile samples may be somewhat elevated due to the higher water content in 
the sample stream. Interestingly, this same difference was not observed for the fixed-
site measurements. 
Considering only seasonally high evenings (i.e. median evening TEOM PM2.5 > 
median TEOM PM2.5 for all heating season evenings), median PM2.5 concentrations 
within hotspot areas increased to 19 tig m"3 - 73 ng m"3 and 16 ng m"3 - 49 ng m"3 for 
community-specific and "wood smoke" models respectively. Telkwa and Houston 
showed the with largest increases (~100-200%) (Table 4.23). These results suggest that 
PM2.5 concentrations within wood smoke hot spots during stagnant conditions are 
highest in Terrace, Telkwa, and Houston. 
4.3.4.5 Community-wide representation of PM2 5 TEOMs 
In this final section, the representativeness of the central monitoring station in each 
community (except Burns Lake) is evaluated by expressing the mobile monitoring data 
as a proportion of the TEOM PM2.S concentration measured at the central monitoring 
station. A nephelometer-TEOM ratio map was not generated for Burns Lake due to a 
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Table 4.23. Summary of nephelometric measurements and estimated PM25 for persistent hot spots areas. These summaries are based on 
measurements that were spatially smoothed (100m moving radius). 
Community Parameter All Evenings Evenings when TEOM PM2J > seasonal median 
Min 25th 50th 75th Max Min 25th 50th 75th Max 
Terrace adjusted osp [Mm1] 6.3 78.2 267.0 369.2 1311.1 197.7 272.5 337.7 440.9 1311.1 
Estimated PM25 lug m'3] 
community regression 1.1 18.1 58.6 79.6 261.7 44.1 59.7 73.2 94.0 261.7 
wood smoke regression 0.7 12.8 39.8 53.3 166.0 30.3 40.5 49.2 62.5 166.0 
Smithers adjusted osp [Mm1] 8.2 79.7 112.2 170.0 521.2 29.5 90.7 122.1 174.6 521.2 
Estimated PM2S [jig m"3] 
community regression 0.6 16.1 23.6 37.6 128.7 4.9 18.6 25.9 38.7 128.7 
wood smoke regression 1.1 13.1 18.0 26.4 72.7 4.9 14.8 19.4 27.1 72.7 
Telkwa adjusted Ojp [Mm1] 5.1 15.8 137.3 261.8 555.2 114.1 179.6 260.3 369.7 555.2 
Estimated PM25 [|ig m"3] 
community regression 0.0 1.7 20.4 39.1 82.8 16.8 26.8 38.9 55.2 82.8 
wood smoke regression 0.4 2.5 21.7 39.1 77.0 18.3 27.7 38.9 53.4 77.0 
Houston adjusted osp [Mm'1] 9.3 49.3 96.9 343.1 1857.8 39.4 79.4 314.2 620.7 1857.8 
Estimated PM25 [|ig m"3] 
community regression 0.4 6.2 13.1 50.2 285.8 4.7 10.6 45.8 92.6 285.8 
wood smoke regression 1.3 8.3 15.7 49.9 226.4 6.6 13.0 46.1 85.1 226.4 
Burns Lake adjusted osp [Mm*1] 26.6 57.6 84.0 139.4 745.9 55.7 81.6 100.2 145.3 745.9 
Estimated PM25 [ng m"3] 
community regression 5.2 11.2 16.1 25.9 119.7 10.9 15.7 19.0 26.9 119.7 
wood smoke regression 4.4 9.6 13.7 22.0 100.3 9.3 13.4 16.2 22.8 100.3 
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lack of data collected when TEOM PM2.5 > 5 ng m"3. PM2.s concentrations estimated for 
the mobile measurements are TEOM equivalent and were derived from the community-
specific regression models in Table 4.18. 
The majority of nephelometer/TEOM ratios fell within 0.5-1.5 for all 
communities which suggests that the central monitoring stations provide a reasonable 
representation of community-wide concentrations for the evenings monitored. Of the 
four communities examined, Terrace appears the least representative overall, with 
mean ratios reaching as high as 4.5 (Figure 4.35). The Terrace monitoring station is 
located in a commercial area with the residential areas to the north (predominantly 
upwind) of the monitor being well represented. Residential areas located to the south 
(predominantly downwind) and at higher elevations to the southeast, which were 
earlier identified as persistent wood smoke hot spots, are underrepresented. 
The representativeness of the central monitoring stations in Telkwa and Houston 
are somewhat opposite to Terrace where they tend to over represent community-wide 
concentrations (Figure 4.36 and Figure 4.37). This is indicated by the majority of 
nephelometer/TEOM ratios being s 1. Both the Telkwa and Houston stations are located 
in close proximity to residential areas that were identified as persistent wood smoke hot 
spots. Even so, it is interesting to observe that one of the persistent wood smoke hot 
spot areas in Houston, that is likely a dominant contributor to the over representation 
of the central monitoring station (see Figure 4.32), has mean concentration that is twice 
as high as the nearby at the central monitoring station. 
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Nephelometer/TEOM ratios were most balanced across Smithers where nearly 
all of the ratios fell within 0.5-1.5 (Figure 4.38). The smoother pattern observed may be 
reflective of cold, calm conditions which favour pollutant pooling, were best captured in 
this community. 
Finally, similar to the mean z-score maps, the nephelometer/TEOM ratios show a 
substantial amount of variability between evenings in all communities with the largest 
variation often coinciding wit h the highest mean nephelometer/TEOM ratios. This 
provides a visual illustration of the highly variable nature of wood smoke, a quality that 
should be considered when making conclusions regarding the representation of these 
data. 
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Figure 4.3S. Mean and standard deviation of nephelometer/TEOM ratios for the community of Terrace. 
IDW model parameters used to generate the surface are listed in Table 4.21. 
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Figure 4.36. Mean and standard deviation of nephelometer/TEOM ratios for the community of Telkwa IDW model 
parameters used to generate the surface are listed in Table 4.21. 
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Figure 4.37. Mean and standard deviation of nephelometer/TEOM ratios for the community of Houston. 
IDW model parameters used to generate the surface are listed in Table 4.21. 
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Figure 4.38. Mean and standard deviation of nephelometer/TEOM ratios for the community of Smithers. IDW model 
parameters used to generate the surface are listed in Table 4.21. 
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5 DISCUSSION 
5.1 Baseline measurements 
5.1.1 HI PM2.S, levoglucosan, and AB5 
Over the 2007-08 and 2008-09 heating seasons, two-week average HI PM25, 
levoglucosan, and ABS concentrations for all five communities were 12 ± 6 ng m"3,0.78 ± 
0.56 ng m"3, and 1.1 x 10 5 ± 0.51 x 10 5 m"1 respectively. PM2.s concentrations were 
highest in Smithers, Telkwa, and Houston and were often 15-25 ng m"3 during the 
coldest months of the heating season (December - February) with a few samples in each 
community exceeding the provincial 24-hour air quality objective (25 ng m"3). Since the 
samples were collected over two-week periods (48 hours /14 days) and sizeable 
diurnal/daily variations of TEOM PM2.5 concentrations (> 10 ng rrf3) were observed, it is 
likely that several 24-hour periods would have had higher concentrations than those 
reported for the HI PM25 samples. 
Levoglucosan concentrations were highest in Telkwa and Houston during the 
2007-08 and 2008-09 heating seasons (1.09 ± 0.60 ng m*3 and 0.97± 0.62 pg m"3 
respectively, both heating seasons combined). These values are similar to average 
winter ambient concentrations reported for communities impacted by residential wood 
smoke (Bergauff, et al., 2009; Caseiro, et al., 2009). Bergauff et al. (2009) reported a 
much higher mean levoglucosan concentration for Libby, Montana prior to a 
community-wide wood stove exchange intervention (3.04 ± 0.34 pg m"3) however 
Telkwa and Houston are comparable to the post-exchange concentrations (1.54 ± 0.12 
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|ig m"3). Smithers (0.68 ± 0.46 ng m"3) fell within the mid-range of mean concentrations 
reported (Bergauff, et al., 2009; Caseiro, et al., 2009; Gorin, et al., 2006; Hedberg, et al., 
2006; Yttri, et al., 2009) and Burns Lake (0.42 + 0.21 pig m"3) is similar to 48-hour 
levoglucosan samples collected during the winter in Prince George (0.40 ± 0.30 jig m"3), 
a city with a population of ~71,000 located 225 km west of Burns Lake (Barn, et al., 
2008). 
In addition to moderately-high levoglucosan concentrations, strong correlations 
between HI PM2S and levoglucosan (Spearman correlations, 0.78-0.96) provide strong 
evidence that wood smoke is a consistent and likely dominant source of PM25 in all five 
communities during the heating season. Inter-community comparisons of the HI data 
suggest that Telkwa and Houston appear to be most heavily impacted by residential 
wood smoke. This is substantiated by relatively higher levoglucosan and PM2.5 
concentrations, levoglucosan/PM25 ratios, and nephelometer-TEOM slope values. 
Further, statistically significant positive associations detected between 
levoglucosan/PM2 5 ratios and heating degree day for these two communities points to 
impacts from residential wood burning specifically. 
Small TEOM-HI PM2 5 slope values (0.44-0.50 excluding Terrace) indicate that 
PM2.S measured by the TEOM underwent substantial volatilization which is expected for 
PM2.S that originates from wood burning due to the large fraction of semi-volatile 
compounds in wood smoke (Lipsky & Robinson, 2006). HI PM2 5-TEOM slope values 
found in this study were slightly smaller than slopes reported from other studies that 
compared TEOMs operating at 30-40'C with gravimetric (PM2 5 and PMI0) 
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measurements in environments where wood smoke was believed contribute to PM25 
(0.63-0.72) (Ayers, et al., 1999; Kingham, et al., 2006; Noullett, et al., 2006) however 
they do fall above Charron et al. (2004) who reported a slope of 0.42 when comparing 
TEOM PM2.5 (50"C) with gravimetric samples in an agricultural area where ammonium 
nitrate (a semi-volatile compound) comprised a large proportion of the PM25. 
5.1.1.1 Adjusting TEOM PM2.s concentrations 
The underrepresentation of TEOM concentrations due to sample volatilization is 
well recognized. As demonstrated above, sample loss within these instruments may be 
substantial in wood smoke impacted areas. Correcting for these losses has potentially 
important implications for health assessments and regulatory reporting. 
Since the magnitude of volatilization within TEOMs is partially dependent upon 
the proportion of volatile compounds within the sample which varies spatially and 
temporally, a universal correction factor cannot be applied with accuracy (Cyrys, et al., 
2001; Green, et al., 2001; Hauck, et al., 2004). As a result, a number of site/region and 
season specific adjustment factors have been reported for correcting TEOM 
measurements to gravimetric equivalent concentrations (Ayers, et al., 1999; Cyrys, et 
al., 2001; Kingham, et al., 2006). In this study, a single regression model based on the 
relationship between HI PM25 and TEOM PM2 5 during the heating season was 
developed to adjust TEOM measurements to gravimetric equivalent concentrations at 
all five sites (TEOMadj =1.14 (± 0.04) x TEOM PM25 + 0, where, Pi is the community-
specific intercept and both variables are loge (x+1) transformed). Given that regression 
slopes were not statistically different between communities (when both variables were 
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loge transformed), the data suggest that a single correction model is suitable for the 
region during the heating season. It should be emphasized that the model was 
developed from 48 hour samples collected over two-week periods therefore it may not 
provide accurate corrections for daily or hourly average measurements. A model based 
on 24-hour averages would be more suitable and is recommended to confirm the 
relationship between gravimetric and TEOM measurements in the region. 
5.1.1.2 ABS as a proxy for wood smoke 
Absorbance coefficients (ABS) of PM2.5 collected on Teflon filters are known to 
be highly correlated with black carbon and have served as a simple indicator of primary 
combustion particles, most commonly those from traffic emissions (Cyrys, et al., 2003; 
Smargiassi, et al., 2005). Since particles derived from combustion processes are believed 
to pose greater health risks, ABS measurements add value to information obtained from 
PM2.5 samples in terms of assessing health risks and source-specific management of 
particulate matter. In fact, several studies (focussing on traffic emissions) have 
demonstrated that ABS is more spatially variable and a more robust measure of health 
outcomes than PM2.s (Janssen, et al., 2011; McCracken, et al., 2010; Schwartz, et al., 
2005). 
Strong ABS-levoglucosan correlations (0.86-0.93) observed in this study 
demonstrate that ABS can also serve as a proxy for black carbon generated from wood 
smoke. Although, inconsistent relationships between ABS, levoglucosan, and PM2.s 
among the five communities indicate that proportional contributions of combustion 
sources (e.g. wood smoke, traffic, industry, locomotives) differ across the communities 
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and that site-specific calibrations are necessary. High levoglucosan/PM2.5 and low 
ABS/PM2.5 ratios in Telkwa and Houston imply a greater contribution of wood smoke 
relative to Smithers and Burns Lake. 
5.1.2 Temporal trends 
Temporal trends during the 2007-08 and 2008-09 heating seasons were similar 
for HI PM2.5, levoglucosan, and levoglucosan/PM25 ratios. The single notable difference 
between the two heating seasons occurred during the last two weeks of December 2008 
when a continental arctic air mass over the region caused record cold temperatures 
while winds remained light to calm. As a result, stagnant conditions caused PM25 and 
levoglucosan concentrations to rise (28.4 ng m~3 - 34.4 ng m"3 and 2.4 (xg m~3 - 2.5 ng m~3 
respectively). 
Comparisons between the 2007-08 and 2008-09 heating seasons indicate that 
levoglucosan/PM2 5 ratios were lower in 2008-09, particularly in Houston, Telkwa, and 
Smithers (median reductions of 37%, 11%, and 8% respectively). Although very 
preliminary, these results may suggest that wood burning has declined and/or burning 
efficiencies have increased. If this trend is genuine, it is possible that increased 
awareness and education provided through the regional wood stove exchange program 
and other related research conducted in the region (Allen et al., 2009; R. Allen et al., 
2011) may be having a measurable effect. Sample collection has continued in Smithers, 
Telkwa, Houston, and Burns Lake. Further analysis of these data will provide more 
complete conclusions of wood smoke trends over time. 
141 
5.1.3 Mobile nephelometry 
Mean spatially smoothed nephelometric measurements collected throughout 
the communities during the 2007-08 heating season ranged between 69.89 Mm"1 and 
114.65 Mm'1, and are consistent with expected values for communities in developed 
nations that experience significant impacts from residential wood smoke. For example, 
monthly mean light scattering measurements measured at a fixed-site impacted by 
residential wood burning in Armidale, Australia were ~50 Mm"1-125 Mm'1 during the 
winter months (Robinson, et al., 2007). As well, light scattering values in this study were 
substantially larger than those measured in Metro Vancouver (mean ~20 Mm'1-57 Mm 
1), a metropolitan area where wood burning has been observed, but to a lesser extent 
than the Bulkley Valley and Skeena region (Larson, et al., 2007; Xue & Wakelin, 2006). 
Results from Ulaanbaatar, Mongolia offer a comparison to a developing nation 
where the 75th percentile light scattering values were approximately 3-7 times greater 
(~ 455 Mm"1- 522 Mm"1) than those monitored in this study (Allen, et al., 2012). These 
results are within expectation since communities in developing nations tend to rely 
more heavily on higher emission fuels (e.g. wood, coal) for home heating and generally 
do not have access to efficient wood burning appliances. 
These comparisons provide (1) corroborative evidence that the method, mobile 
monitoring using an integrating nephelometer, gives reasonable results in wood smoke 
impacted areas and (2) perspective of baseline conditions within the study area relative 
to the range of measurements that have been observed in developed and developing 
nations. 
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5.2 Slash burning 
Considering that a large number of slash piles are burned in the region during the 
fall, the coincidence of PM2.5 spikes and slash burning events, along with elevated 
levoglucosan/PM2.5 ratios relative to the spring, it is likely that wood smoke generated 
from slash burning had a measurable impact on PM2.5 concentrations in the 
communities during the fall of 2007 and 2008 (namely October and November). The 
positive but non-significant relationships between levoglucosan/PM2.s ratios also 
support this conclusion. A significant effect between levoglucosan/PM2.s and number of 
slash piles burned may have failed to detect a true effect due to the simplicity of the 
comparison and the long-term averages (14-days) of the HI samples. As well, slash 
burning activity is reported on a volunteer basis therefore the completeness of the 
records may not have been adequate to provide a proper assessment. A more thorough 
analysis would be required to properly investigate the impacts of slash burning in the 
communities. This could be accomplished through a combination of targeted mobile 
monitoring and/or a more sophisticated analysis such as dispersion modeling (Ainslie & 
Jackson, 2009). Given the prevalence of slash burning in the region and evidence of a 
seasonal impact on the communities, it may be prudent to consider a more formal 
record keeping process regarding the date, location, quantity, and quality of slash debris 
burned to better characterize impacts from this seasonal source of PM2.5. 
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5.3 Spatial distribution of wood smoke 
5.3.1 Interpolating wood smoke surfaces 
Even though the mobile measurements themselves provided a thorough 
description of the wood smoke surfaces for the evenings monitored, IDW and kriging 
were examined as methods to present the spatial distribution of the mobile 
measurements as continuous surfaces. Both interpolation methods performed similarly, 
with each producing the lowest RMSE approximately half of the time. This result is not 
surprising given the high sampling density. The models explain the majority of the 
variability observed in mean wood smoke surfaces (R2 = 62%-83%). Terrace, Smithers, 
and Telkwa had the best fit models which may relate to the conditions during the 
evenings monitored (i.e. more evenings with seasonally high PM2.5 concentrations). 
The semivariogram analysis component of the kriging was useful to investigate 
the distance of spatial dependence across the mean wood smoke surfaces (1342 m-
2245 m). These distances were similar to but slightly shorter than the mean range 
reported by Lightowlers et al. (2008) (2673 m) who examined the spatial distribution of 
wood smoke in Victoria, BC over two heating seasons. Shorter ranges found in this study 
may be reflective of differences between the sampling density and/or differing qualities 
of the study areas such as topographic roughness, prevalence of wood burning, and/or 
differences in spatial extent. 
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5.3.2 Intra-community variation 
Residential wood smoke has been shown to be highly variable in space, 
particularly over short time scales (Krecl, et al., 2010; Robinson, et al., 2007; Wang, et 
al., 2011b). The data collected during mobile monitoring clearly confirm these 
observations. As expected, wood smoke hot spot areas demonstrated the greatest 
degree of variability between evenings. Spatial and temporal variability was not 
explained by seasonally high/low PM2.s concentrations, weekdays/weekends, wind 
speed or direction of travel along the sampling routes. Thus, the variability likely (1) 
resembles areas where residential wood burning takes place on a semi-regular basis 
and/or (2) is an artefact of collecting instantaneous samples within persistent hot spot 
areas where, smoke plumes causing large spikes were directly intercepted on some but 
not all evenings. In contrast, outlying areas with little to no local PM sources 
consistently exhibited low concentrations giving confidence that the mobile monitoring 
provided a true and reliable representation of PM2.5. Although these data are not 
suitable for estimating accurate exposures, the variability observed gives perspective to 
the challenges of predicting intra-urban exposure estimates for highly heterogeneous 
pollutants such as residential wood smoke. 
5.3.3 Wood smoke hot spots 
5.3.3.1 Identifying wood smoke hot spots and potential biases 
One of the primary objectives of this work was to identify and characterize wood 
smoke hot spots within the communities. Initial comparisons that cross-referenced all 
145 
light scattering measurements with generalized land-use zones did not provide a clear 
indication that specific land use zones or dwelling types were associated with elevated 
light scattering measurements on a community-wide basis. Closer examination revealed 
that these comparisons were confounded by (1) wood smoke transport from residential 
to adjacent non-residential areas, (2) spatial smoothing of the mobile data (100m 
radius) that led to larger averages within areas adjacent to wood smoke impacted 
neighbourhoods, and (3) land use misclassification errors within zoning maps that 
assigned wood smoke impacted neighbourhoods to non-residential land use zones. 
When only residential areas were considered, there was some suggestion that 
specific dwelling types may be more frequently associated with elevated light scattering 
measurements (e.g. mobile home parks and high density residential in Houston) 
however differences between groups were generally indistinct on a community-wide 
basis suggesting that a more explicit identification of hot spot areas was required. 
By expressing the data in relative terms, areas that were frequently associated 
with relatively high light scattering measurements (S 75th percentile for 2:50 % of 
evenings monitored) were identified. These persistent hot spot areas were largely 
represented by single family dwellings. Other housing types typically associated with 
lower socioeconomic status (e.g. mobile homes, First Nation Reserves) were also 
identified. These findings align with the most recent provincial wood burning survey that 
identified affordability of wood as one of two main motivations residents in the Skeena 
and Bulkley Valley Lakes District choose wood burning as a space heating method (Xue 
& Wakelin, 2006). 
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There are potential biases related to the identification of the persistent wood 
smoke hot spots. Vehicle speed was kept relatively constant during the mobile 
monitoring runs (30-50 km h"1) however in more confined spaces, such as mobile home 
parks, vehicle speeds were reduced. It is possible that the more thorough sampling of 
these confined areas biased the measurements however it is not believed to impact the 
conclusions made since wood smoke was often observed during data collection in 
mobile home parks, sampling density was high throughout the communities, and 
significant portions of the persistent hot spot areas included unconfined areas. A second 
issue to consider is that mobile runs were often conducted on consecutive evenings 
within the same community which may have biased the identification of persistent hot 
spots. However, there is still confidence that hot spot areas identified are seasonally 
representative because they were present during non-consecutive runs that were 
completed at different times throughout the heating season. Ideally, sampling would 
have occurred randomly among the five communities or perhaps even simultaneously in 
all five communities (during desired meteorological conditions). Given the cost of the 
equipment and manpower, we were limited to a single mobile monitoring vehicle. In 
order to minimize set up and take down of the equipment, travel costs, and travel on 
the winter roads, sampling routes tended to be repeated on consecutive evenings (in 
random direction) when suitable meteorology was forecasted. 
In terms of the method used to identify persistent wood smoke hotspots, it is 
felt that the criteria were fairly strict given that (1) the same 200x200m raster cell was 
required to fall above the 75th percentile for a minimum of 50% of the samples to be 
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classified as a persistent hot spot, and (2) significant portions of the mean wood smoke 
surfaces were shown to be variable between evenings. Overall, even though the sample 
sizes were relatively small, there is confidence that the approach was successful in 
identifying persistent hot spot areas and thereby subpopulations within the 
communities that have increased risk of repeated exposure to residential wood smoke 
during the heating season. 
5.3.3.2 Estimating PM2.s concentrations within wood smoke hot spots 
Median estimated PM2.5 concentrations within persistent wood smoke hot spots 
ranged from 16 |ag m"3 to 59 ng m"3, These values are comparable to other wood smoke 
impacted communities in developed nations (G. Allen et al., 2011; Robinson et al., 
2007). Terrace, Smithers, and Telkwa had the highest median concentrations. Although, 
these results may reflect the fact that mobile monitoring sessions in these three 
communities were conducted more frequently when meteorological conditions were 
favourable for elevated wood smoke concentrations (cold temperatures and calm 
winds). 
When considering only seasonally high evenings, median concentrations 
increased by ~ 10% - 250% with Houston, Terrace, and Telkwa having the highest 
median values (£ 40 ng m"3) and maximum concentrations reaching as high as 286 ng m" 
3
. These results combined with elevated levoglucosan concentrations measured at the 
Telkwa and Houston central monitoring stations provide corroborating evidence of 
heavy wood smoke impacts in these two communities. In Terrace, the HI data and 
estimated PM2.5 from the mobile monitoring notably contrast. That is, HI PM2.5 and 
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levoglucosan concentrations were the lowest of the five communities monitored but 
mobile measurements were the highest (community-wide and in hot spot areas). This 
disparity may be the result of (1) differences between the sample averaging times of the 
HI samples (14-day averages) and the mobile measurements (instantaneous smoothed 
over a 100m radius) measurements that were collected during periods which aimed to 
capture elevated wood smoke concentrations, and (2) the size of the community. Since 
Terrace is substantially larger than the other four communities, it is much more likely 
that a single location (i.e. the central monitoring station) will not adequately represent 
the entire community. Field observations during mobile monitoring confirm the 
presence of heavy wood smoke in some neighbourhoods although it should also be 
recognized that the slightly elevated RH (relatively 12%-15% higher) in the sampling 
stream of the mobile nephelometer during the Terrace run likely amplified the 
instrument response relative to the other four communities. 
5.4 Community-wide representativeness of central monitoring stations 
Based on the data collected during mobile monitoring, the central monitoring 
stations in Terrace, Smithers, Telkwa, and Houston appear to provide a reasonable 
representation of community-wide PM2.5 concentrations for monitored evenings. The 
majority of ratios across the communities were 0.5-1.5 with hotspot areas reaching 
concentrations that were two to four times greater than the central monitoring stations. 
Given that these maps are represented by a maximum of eleven evenings, additional 
data would be required to be able to make more general conclusions about the 
representativeness of the central monitoring stations during heating season evenings. 
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In terms of specific observations made within individual communities, the 
central monitoring station in Terrace was the least representative of community-wide 
PM2.5 concentrations. This result is expected because it is the largest community 
included in this study. Residential areas located north of the station (i.e. frequently 
upwind of the monitor) are well represented however the majority of wood smoke hot 
spots were located to the south and southeast of the monitor. The results suggest that a 
second monitor may be warranted to improve the representation of residential wood 
burning activity in the city. 
Impacts from nearby wood smoke sources appear to be most influential at the 
Telkwa and Houston stations, making them somewhat over representative of 
community-wide wood smoke levels. These observations offer some insight to the 
stronger wood smoke signals observed in the HI PM2.s# levoglucosan, and ABS data 
collected at the central monitoring stations in these two communities. 
Smithers appears to be well represented by its central monitoring station which 
may relate to the relatively smooth PM25 surface observed throughout the community. 
The cause of the smoother surface is not known but may relate to meteorological 
conditions during the monitored evenings that favoured pollutant pooling. A possible 
second explanation may be that other source(s) of PM2.5 in the airshed (e.g. industry 
located south, predominantly upwind, of the monitor) subdued the local variability of 
the wood smoke surface. 
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6 CONCLUSIONS AND RECOMMEDATIONS 
Overall, this thesis was successful in meeting its objectives of characterizing the 
spatial and temporal trends of residential wood smoke within five communities of the 
Skeena Region and Bulkley Valley Lakes District. Levoglucosan measurements provided a 
means to (1) confirm the presence of wood smoke, (2) demonstrate that wood smoke 
was a consistent and likely significant source of PM2.s in the communities during the 
heating season (i.e. strong correlations with PM2.s, rspear = 0.78-0.96), and (3) track 
temporal trends of the pollutant (e.g. preliminary signs of wood smoke reduction were 
identified). As these results demonstrate, there is significant value for communities to 
incorporate wood smoke markers as a component of ambient monitoring on a semi-
regular/seasonal basis. This type of information can serve as a simple metric to inform 
decision making for management strategies that target the reduction of residential 
wood smoke emissions and exposure. 
Strong correlations between ABS and levoglucosan observed in this study (rspear = 
0.86-0.96) illustrated that in wood smoke impacted environments, ABS can also serve as 
a wood smoke marker. ABS is advantageous in that it is non-destructive, simple, and 
more cost-effective than levoglucosan. Because ABS is not specific to wood smoke, it 
would be prudent to initially and periodically confirm its relationship with levoglucosan 
(or other unique marker of biomass smoke). Alternatively, measuring ABS at ultraviolet 
(370 nm) and infrared (880 nm) wavelengths, would provide a means to verify the 
presence and differentiate wood smoke from traffic (diesel) emissions. These 
measurements would be particularly advantageous for environments where wood 
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smoke is a consistent but less prevalent component of ambient PM2.s (e.g. Burns Lake). 
More recent technologies now provide the capability of routinely collecting these types 
of measurements from integrated filter samples or in real-time (Favez, et al., 2009; 
Herich, et al., 2011; Sandradewi, et al., 2008b). 
In terms of mobile monitoring, the integrating single wavelength (520 nm) 
nephelometer used in this study provided reliable and repeatable results that led to the 
successful characterization of the spatial distribution of fine particulate matter at the 
neighbourhood scale. Even though this instrument is not specifically responsive to wood 
smoke, it was suitable for mapping the pollutant in this study because (1) levoglucosan 
measurements confirmed that wood smoke was a significant and consistent source of 
PM2.S in the communities and (2) mobile monitoring periods were targeted to capture 
periods when wood smoke would be maximized while other PM2.5 sources (e.g. traffic) 
were minimized. Though, real-time instrumentation that has the capability of 
differentiating wood smoke from other combustion derived PM provides opportunity to 
further exploit the strengths of mobile monitoring with more source-specific 
measurements (e.g. G. Allen, et al., 2011) which is particularly valuable for communities 
that have a more complex composition of PM25. 
Estimating PM25 concentrations for the mobile measurements was accomplished 
with the use of two regression models relating TEOM PM2.5, gravimetric PM2.5 and 
nephelometer measurements. While this approach provided a very general indication of 
wood smoke concentrations across the communities it was subject to substantial 
uncertainty. The models were developed from data with relatively long averaging times 
152 
(14-days and lhour) which may not have been transferable to instantaneous 
measurements collected during the mobile monitoring. Additionally, the 
nephelometer's dynamic response to particle composition (including the heterogeneous 
properties of wood smoke itself) would also contribute to errors within the estimates. 
As previously mentioned, an instrument with the capability of differentiating wood 
smoke from other combustion derived particulate matter would improve quantitation 
however accurately estimating PM2.s (and wood smoke specifically) remains a challenge 
for real-time measurements that are collected while moving through dynamic pollutant 
fields. 
Although the ability of estimating PM2.5 from the mobile measurements was 
limited, the value of mobile monitoring was well demonstrated through its ability to 
capture detailed information that cannot be achieved through fixed-site monitoring. 
Mobile nephelometer/TEOM PM2.s ratios suggest that a single monitoring station in 
small communities is sufficient to provide a reasonable representation of PM2.5 across 
communities during heating season evenings (mean ratios largely 0.5-1.5). Of particular 
value, the method provided a means to identify persistent wood smoke hot spots at the 
neighbourhood scale. In this case, residential areas with greater risk for repeated, 
elevated concentrations of wood smoke. In this study, persistent wood smoke hot spots 
were primarily associated with single family dwellings (>50%) along with other housing 
types typically associated with lower socioeconomic status. The results were considered 
reasonable since single family dwellings are more likely to have wood burning 
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appliances than multiple family dwelling units and wood heating is often motivated by 
the desire or need to reduce home energy costs. 
Although persistent wood smoke hotspots were characterized with reasonable 
confidence, it may have been beneficial to conduct additional sampling due to the 
intermittent nature of the pollutant. In particular, repeated sampling within hot spot 
areas on the same evening may have added perspective to the duration of elevated 
wood smoke levels within these regions of interest. 
Spatial interpolations of the mobile measurements were largely completed as an 
academic exercise however conclusions that can be made from the analysis include: (1) 
spatial interpolation does not provide added value in cases where a high density of 
measurements can be readily obtained across the area of interest (e.g. small 
communities) and (2) the spatial dependence of wood smoke (1342 m-2245 m) is in 
general agreement with work completed by Lightowlers, et al. (2008) who determined 
that an appropriate spatial scale of analysis for residential wood smoke in Victoria, BC is 
2673m. Still, variability observed between the communities in this study (~1 km) does 
indicate that community specific evaluations are warranted. Since the evaluation 
completed in this study only considered the spatial dependence of the average wood 
smoke surfaces, further investigation of individual evenings is recommended to be able 
to make more definitive conclusions. 
Finally, the primary purpose of evaluating potential slash burning impacts in the 
region was to assess how this source of wood smoke may have confounded conclusions 
made about residential wood burning. While it was confirmed that the communities 
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were impacted by slash burning activities during the fall when positive but non­
significant relationships were observed between levoglucosan/PM2.5 ratios and the 
number of slash piles burned, it is still felt that the mobile monitoring results presented 
are reflective of residential wood burning due to (1) little slash burning coinciding with 
the mobile monitoring runs and (2) the localized neighbourhood-scale spatial variation 
observed. Nevertheless, the results from the evaluation of the slash burn data suggest 
that a more comprehensive investigation of impacts from this seasonal source within 
the communities may be warranted. 
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APPENDICES 
Appendix A: Standard operating procedure for Harvard Impactor filter changes, Leland Legacy 
pump calibration and data download 
Pre-deoarture Preparation 
Pre-departure Check List 
Bold items are to be brought to field for each filter change. Non-bold items are to be brought 
out on initial visit left at the sampling sites throughout the sampling season. 
Equipment: 
• PM2.5 Harvard Impactor (HI) 
• Clean, oiled impaction plate(s) 
• PM2.5 filters loaded in clean Anderson 
filter holders stored in labelled petri dish 
• 2 labelled Back-Up PM2.s filters, loaded in 
Anderson filter holder, stored in labelled 
petri dish 
• Spare o-rings for Harvard Impactor 
• Leland Legacy Pump 
• Pump Charger Interface (black box with 
cable ports leading to the AC adaptor) 
• 2 Pump Charger Interfaces (black box with 
cable ports leading to the AC adaptor) 
• Black plastic pelican case 
• BIOS DryCal DC-Lite flow calibrator 
(charged) 
• Keys to access MoE sites 
• Heating tape for Leland Legacy Pumps 
• Outdoor extension cords 
• Laptop (with charged battery) 
Tools/Supplies: 
• Kimwipes and Q-Tips 
• Alcohol 
• Impaction plate oil 
• Vaseline 
• Clean Ziploc bags (2-3) 
• Duct tape; electrical tape; painters tape 
• Flat head screwdriver 
• Strap wrenches 
• Pencil, pen and eraser 
• Black Felt 
• Backpack 
• Cell Phone and Watch 
• Harvard Impactor Sampling Log Sheet 
• Protocol for fixed-site sampling 
• Tote Box 
• Shovel/broom 
172 
1. Harvard Impactor Preparation 
a. Ensure the surface which you will be working on is clean and dry. 
b. Wash hands or wear gloves. Wear a lab coat to prevent clothing lint from affecting 
sample. 
c. Cover an area of the working surface with Kimwipes. 
d. Obtain the pre-weighed labelled sample/field blank filters (in petri dishes) that have 
been assigned for the 2-week 
sampling period (Table A l). 
e. Place Anderson filter holders 
(one per filter including field 
blanks) on Kimwipes. 
f. Use clean forceps to pick filter 
up by the PMP support ring with 
the shiny side facing upwards 
(Figure A la). Examine the filter 
for tears and contamination. 
Figure A1. Proper placement of filter into an Anderson filter 
Place into an Anderson filter holder, a) Photo showing the shiny side of the PMP ring. This side 
should be facing towards you when filter is placed into the 
holder (Figure A lc). Anderson filter holder, b) Photo showing the dull side (bottom) of 
, „ , the PMP ring, c) Proper placement of filter, d) Properly loaded 
g. Carefully snap the Anderson Anderson filter holder 
filter holder together around the filter (Figure A Id). 
h. Place the filter back into its petri dish. 
i. Tape the dish closed. 
j. Repeat steps i-j for remaining filters. 
Important: If a filter is/becomes contaminated or damaged (e.g. filter is torn or dropped), 
use a 'Back-up' filter (BK-XXX). Be sure to record the Back-Up filter ID on the log sheet when 
on-site. 
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On-site preparation 
Filter Replacement and Data Collection and Pump Rescheduling 
Follow these instructions in the order written for each site. 
1. Recording Pump Sample Volume/Time (MUST BE COMPLETED OUTDOORS) 
a. Record the Date, Site, Technician, Leland Legacy pump ID (LL ID), and time (FILTER 
OUT, HI OUT) on a new line of the Fixed-Site Harvard Impactor Sampling Log Sheet 
(Table A 2). 
b. Open the pelican case. Remove Harvard Impactor and Leland pump from the 
pelican case without disconnecting the two instruments. Be careful when 
disconnecting (and reconnecting) the power source to the Leland pump, the 
connection is fragile. Place the equipment on a 'clean' flat surface. 
c. Record pump flow rate (this MUST be completed outdoors). 
i. Remove the Harvard Impactor sampling inlet (uppermost part). Attach the 
calibration cap to the Harvard 
Impactor and tube to the BIOS 
DryCal outlet (Figure A 2). If 
the temperature is cold or 
weather is bad (e.g. windy, 
raining) try to protect and 
keep the BIOS DryCal warm. Figure A 2. Proper set up for Leland Legacy pump air flow 
ii. Turn on the BIOS DryCal eh«k and calibration. 
iii. Turn on the Leland Legacy pump by pressing the 'AV' buttons simultaneously. 
iv. On the BIOS DryCal, select 'MEAS' then press enter. Select 'CONT', then press 
enter. The BIOS DryCals will start taking continuous measurements (every 2 
seconds or so). Make sure the BIOS DryCal is level otherwise measurement will 
be affected. 
v. Let the BIOS DryCal run for three sets of 10 measurements. Press the 'STOP' 
button and record the average measurement of the third set under FILTER OUT, 
FLOW RATE (Table A 2). 
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Calibration c 
vi. Press the 'AW buttons on the Leland pump simultaneously to stop the pump. 
vii. Remove the calibration cap from the Harvard Impactor and replace with the 
inlet cap and a red protective cap. Place Harvard Impactor into the backpack 
and bring inside. 
viii. Record the total time elapsed and the air volume sampled for the Leland pump 
under FILTER OUT, TOTAL TIME and AIR VOLUME SAMPLED respectively on the 
log sheet (Table A 2). To obtain this information, use the key on the Leland 
pump to advance through the information screens. 
2. Removing the Post-Sample Filter and Cleaning the Harvard Impactor (MUST BE 
COMPLETED INDOORS) 
a. Clean work area and cover with Kimwipes. 
b. Obtain a clean impaction plate and place 2-3 drops of oil in centre of sintered metal 
surface. Set aside. 
c. Open the base of the Harvard Impactor by flipping the clamps at the base open. 
d. Carefully remove the Anderson filter holder (containing the post-sample filter) 
from the Harvard Impactor and gently place it into its labelled petri dish. Be careful 
not to touch the filter itself. Do not remove the filter from the Anderson filter 
holder until back at the lab. 
e. Secure the petri dish closed with tape. 
f. Remove the filter label from the housing of the Harvard Impactor and adhere it to 
the petri dish (there should now be 2 labels on the petri dish). 
g. Place the petri dish into the foam padded box. 
h. Write the Filter ID (of filter that was just removed from the Harvard Impactor) 
under FILTER OUT, FILTER ID on the log sheet (Table A 2Error! Reference source 
not found.). 
Note: It is important that the filters which contain samples are not jostled. Ensure 
that they are carefully handled and placed securely in the foam-padded box for 
transport back to the lab. 
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i. Remove the impaction plate by 
twisting the widest cross-section 
of the Harvard Impactor body 
apart from one another (Figure A 
3). Handle these plates by their 
edges, being careful to avoid 
touching the sintered metal 
centre (Figure A 4), 
j. Place the dirty impaction plate in its own Ziploc 
bag. 
k. Completely disassemble the Harvard Impactor and 
clean any visible dirt off the inside and outside of 
all parts with a Kimwipe and alcohol (Figure A 5). 
I. Ensure that all parts are completely dry before 
reassembling. 
m. While waiting for the parts to dry download data 
from Leland pump and check oiled impaction plate. 
Add more oil if needed or wipe excess with 
Kimwipe. The impaction plate should be saturated 
but not overfilled. 
n. Once all parts of the Harvard Impactor are dry, 
reassemble the Harvard Impactor. 
Figure A 3. a) Assembled Harvard Impactor, b) Section of 
the Harvard Impactor that must be taken apart to access 
impaction plate. 
Figure A 4. Proper handling of an 
impaction plate. 
Figure A 5. A completely 
disassembled Harvard Impactor. All 
parts must be thoroughly cleaned 
each filter change. 
3. Downloading Pump Data 
a. Connect the DataTrac cable to the Leland pump and laptop. 
b. Make sure the LCD display on the pump is on, if it is not, press the key to turn it 
on. Click on the 'Leland Legac/ Icon on the desktop. Select the appropriate port 
number and click OK. A dialog box should appear on the screen, and when the 
hands shake, this means that the pump and software are communicating properly. 
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c. From the menu select View' then 'Pump History'. Records of stored pump history 
data will appear in tabular form on the screen. 
d. In the Pump History window, click on 'File' then 'Save as Comma Separated Text', 
and then type the file name and save it to its assigned folder. Use the following file 
naming convention (red indicates where specific information needs to be inserted). 
WEST_FixedSitePumpData_pumplD_filterlD_sample-period.txt 
For example if the pump ID is LLP04, the location is Burns Lake and the sample 
period was Oct 15-Oct29,2007 the file name would be: 
WEST_FixedSitePumpData_LLP04_B-01_Octl5-Oct29_07.txt 
Note: If you get an error message from the Leland Legacy Program software 
reporting that communication with the pump has failed, click on the 'RETRY' 
button, and communication will be re-established with the pump. 
e. Verify that the data have been properly saved by opening the Comma Delimited 
File in Excel. Look at the dates and data values to determine if the data seems 
reasonable or if any errors occurred. 
f. Disconnect the pump from the laptop. 
g. Turn the Leland Legacy pump on (press the 'AW buttons simultaneously) and let 
run for at least 5 minutes (to warm up for calibration procedure). 
4. Inserting a New Filter into the Harvard Impactor (MUST BE COMPLETED INDOORS) 
a. If a field blank is to be taken, place the field blank in the recessed hole containing a 
rubber gasket located in the base of the Harvard Impactor (be careful not to touch 
the filter), and clamp the body of the Impactor and its base back together (Table A 
2). Close and reopen the Harvard Impactor. Remove the field blank and place back 
into its labelled Petri dish. Place one of the labels in the comment column on the 
log sheet in the Notes column (Table A 2). 
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Figure A 6. Proper placement of filter into Harvard Impactor. 
b. Remove the new sample filter 
(already loaded in Anderson 
filter holder) from its labelled 
petri dish. 
c. Place the filter in the recessed 
hole containing a rubber 
gasket located in the base of 
the Harvard Impactor (be careful not to touch the filter), and clamp the body of the 
Impactor and its base back together (Figure A 6). Check to make sure the filter is 
aligned by removing the sampler inlet and looking down into the sampler. You 
should see a white circle (no edges) filling the hole. 
d. Remove one of the three Filter ID stickers from the petri dish and place it onto the 
Harvard Impactor housing. 
e. Remove the second Filter ID sticker from the petri dish and place it onto the 
sampling log sheet under FILTER IN, FILTER ID (Table A 2). 
f. Place a protective red cap over the sample inlet. 
Important: If you tear or drop a filter on the ground (on-site), replace the sample filter 
with a 'Back-Up' filter and record this on the sampling log sheet. Be sure that the 
proper filter ID is placed onto the sampling log sheet and Harvard Impactor housing. 
5. Pump Calibration 
a. Bring Harvard Impactor, Leland pump and BIOS DryCal outside. 
b. Remove the red cap and inlet and connect the calibration cap to the Harvard 
Impactor and BIOS DryCal (outlet) (Figure A 2). Ensure the BIOS DryCal is kept level. 
c. Turn the BIOS DryCal on. 
d. On Leland pump press * AT* keys in sequence. 'SETUP' should appear on the LCD 
screen. 
e. Press the key until you see the words 'ADJ FLOW' written diagonally across the 
top of the screen. 
f. Begin flowing air through the pump by pressing the two 'AT' keys simultaneously. 
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g. On BIOS DryCal, select 'MEAS' then 'CONT' to get a continuous flow reading (L min" 
')• 
h. Adjust the pump flow rate using the 'A' or buttons on the Leiand pump until 
the flow on the BIOS DryCal screen shows an average reading as close to 10.00 L 
min"1 as possible (± 0.2 L min"1). 
i. Once the pump has been calibrated allow the BIOS DryCal to run through three 10-
meaurement cycles, record the third average value under FILTER IN, CALIBRATION 
FLOW RATE on the log sheet (Table A 2). 
j. If the pump has strayed from 10.00 L min'1 ± 0.2 L min"1, re-calibrate and repeat. 
k. Press the '*' key until you see 'Clr' on the LCD screen (the pump flow will stop). 
Press the 'AY' keys simultaneously to clear the data. Press the '*' key until you 
see 'End'. Press the 'AW' keys simultaneously to exit the Setup mode and return 
to the display mode. 
I. Remove the calibration cap from the Harvard Impactor and reattach the inlet and 
protective cap. Do not detach the tubing between the Leiand pump and the 
Harvard Impactor. 
i Note: If flow is outside of acceptable range and adjustment is not working 
| (during calibration) there could be a tear in the filter or the o-ring could be 
] cracked or dislodged. If this is the case, the sampler must be taken apart 
I carefully and a new o-ring or filter must be inserted. 
1. : 
6. Pump Programming 
The sampling schedule needs to be updated in the Leiand pump for each two-week 
sampling session. 
a. Clear the pump history. In the menu click on 'File', then View', then 'Pump 
History'. In the pump history window click on Tools' then 'Clear History' 
b. In the DataTrac Pump Manager window, click on 'View' then 'Pump Scheduler' 
from the drop-down menu. A dialog box with the Cycle Scheduler should also 
appear (if it does not, choose 'View' from the Pump Scheduler screen, and select 
'Cycle Scheduler'). 
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c. In the Cycle Scheduler (Figure A 7), select start day, start time, # sampling periods 
(288) so that the TOTAL RUN TIME= 48:00 (48 hours), (10 min on, 60 min off for a 
2-week period). The cycle can be retained so that you only need to enter the new 
start date and time for the new session. 
d. Scroll through the white window at the right-hand side of the Cycle Scheduler 
dialog box to confirm that the pump will begin on your specified time/date setting. 
Record the end date and time of the pump operation on the sampling log sheet 
under FILTER IN, LL Cycle Sched. (Table A 2). 
e. Click on the 'Send Schedule to 
Pump' button; once the 
program is saved in the 
pump, the letters 'PROG' will 
appear diagonally on the top 
of the pump's LCD screen and 
a confirmation message will 
appear on the software 
screen. If an error message appears indicating that communication between the 
pump and software has been lost, click on the 'RETRY' button. 
f. Disconnect the pump from the laptop. 
g. Bring the Leland pump and Harvard Impactor (still attached) onto the roof. 
h. Remove the red protective cap from the Harvard Impactor. 
i. Place the Leland Legacy pump and Harvard Impactor into the pelican case and 
carefully connect it to the AC power cord. Check to make sure that the heating tape 
is securely fastened to the pump and is not overlapping itself anywhere 
(overlapping tape creates a fire hazard). Plug in the Leland power cord and heating 
tape. Check indicator lights to make sure the pump and heating tape are receiving 
power. 
j. Record the current time under FILTER IN, HI IN on the sampling log sheet (Table A 2) 
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Figure A 7. Cycle Scheduler Dialog Box 
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k. Close the pelican case. 
Table A1. Harvard Impactor PM2,5 2007-08 heating season sampling schedule. 
Start Date End Date Filter ID Start Date End Date Filter ID 
15-0ct-07 29-C)ct-07 B-01 28-Jan-08 ll-Feb-08 B-08* 
H-01 H-08 
16-0ct-07 30-0ct-07 
TERR-01 
29-Jan-08 12-Feb-08 
TELK-08 
TELK-01 S-08 
S-01 TERR-08 
30-0ct-07 13-Nov-07 
B-02* 
12-Feb-08 26-Feb-08 
B-09 
H-02 H-09* 
31-0ct-07 14-Nov-07 
TERR-02 
13-Feb-08 27-Feb-08 TELK-09 
TELK-02 S-09 
S-02 14-Feb-08 28-Feb-08 TERR-09 
14-NOV-07 28-Nov-07 B-03 27-Feb-08 12-Mar-08 B-10 
H-03* H-10 
15-Nov-07 29-Nov-07 
TELK-03 
28-Feb-08 13-Mar-08 
TELK-10* 
S-03 S-10 
16-Nov-07 30-Nov-07 TERR-03 29-Mar-08 14-Mar-08 TERR-10 
29-Nov-07 13-Dec-07 B-04 13-Mar-08 27-Mar-08 
B-ll 
H-04 H-ll 
30-Nov-07 14-Dec-07 
TELK-04* 
14-Mar-08 28-Mar-08 
TELK-11 
S-04 S-ll* 
l-Dec-07 15-Dec-07 TERR-04 15-Mar-08 29-Mar-08 TERR-11 
14-Dec-07 28-Dec-07 
B-05 
28-Mar-08 ll-Apr-08 
B-12 
H-05 H-12 
15-Dec-07 29-Dec-07 
TELK-05 
29-Mar-08 12-Apr-08 TELK-12 
S-05* S-12 
16-Dec-07 30-Dec-07 TERR-05 30-Mar-08 13-Apr-08 TERR-12* 
29-Dec-07 12-Jan-08 B-06 12-Apr-08 26-Apr-08 
B-13 
H-06 H-13 
30-Dec-07 13-Jan-08 TELK-06 13-Apr-08 27-Apr-08 
TELK-13 
S-06 S-13 
31-Dec-08 14-Jan-08 TERR-06* 14-Apr-08 28-Apr-08 TERR-13 
13-Jan-08 27-Jan-08 B-07 * indicates that a field blank is to be 
sampled at location specified 
Field blank labels are generic and 
sequential: FB-01, FB-02, FB-03, etc. 
H-07 
14-Jan-08 28-Jan-08 TELK-07 
S-07 
15-Jan-08 29-Jan-08 TERR-07 
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Table A1 continued. Harvard Impactor PM2 5 2008 spring/summer sampling schedule. 
Start Date End Date Filter ID Start Date End Date Filter ID 
27-Apr-08 ll-May-08 
B-14* 
ll-Jul-08 25-Jul-08 
B-19 
H-14 H-19 
28-Apr-08 12-May-08 
TEIK-14 
12-Jul-08 26-Jul-08 
S-19 
S-14 TELK-19 
30-Apr-08 14-May-08 TERR-14 14-Jul-08 28-Jul-08 TERR-19* 
12-May-08 26-May-08 
B-15 
26-Jul-08 09-Aug-08 
B-20 
H-15* H-20* 
13-May-08 27-May-08 
TELK-15 
28-Jul-08 ll-Aug-08 
S-20 
S-15 TELK-20 
14-May-08 28-May-08 TERR-15 29-Jul-08 12-Aug-08 TERR-20 
27-May-08 10-Jun-08 
B-16 
14-Aug-08 22-Aug-08 
B-21 
H-16 H-21 
28-May-08 ll-Jun-08 
S-16 S-21 
TELK-16* TELK-21* 
29-May-08 12-Jun-08 TERR-16 TERR-21 
ll-Jun-08 25-Jun-08 
B-17 
24-Aug-08 06-Sep-08 
B-22 
H-17 H-22 
12-Jun-08 26-Jun-08 
S-17* 
23-Aug-08 05-Sep-08 
S-22* 
TELK-17 TELK-22 
13-Jun-08 27-Jun-08 TERR-17 TERR-22 
26-Jun-08 10-Jul-08 
B-18* 
07-Sep-08 21-Sep-08 
B-23* 
H-18 H-23 
27-Jun-08 ll-Jul-08 
S-18 
06-Sep-08 20-Sep-08 
S-23 
TELK-18 TELK-23 
28-Jun-08 12-Jul-08 TERR-18 TERR-23 
* indicates that a field blank is to be 
sampled at location specified 
Field blank labels are generic and 
sequential: FB-01, FB-02, FB-03, etc. 
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Table A1 continued. Harvard Impactor PM2.5 2008-09 heating season sampling schedule. 
Start Date End Date Filter ID Start Date End Date Filter ID 
21-Sep-08 5-Oct-08 
SM 
19-Jan-09 2-Feb-09 
SM 
TK TK 
22-Sep-08 6-Oct-08 
BL 
20-Jan-09 3-Feb-09 
BL 
HO HO 
6-Sep-08 20-0ct-08 
SM 
3-Feb-09 17-Feb-09 
SM 
TK TK 
7-Oct-08 21-0ct08 
BL 
4-Feb-09 18-Feb-09 
BL 
HO HO 
21-0ct08 4-Nov-08 
SM 
18-Feb-09 4-Mar-09 
SM 
TK TK 
22-0 ct08 5-Nov-08 
BL 
19-Feb-09 5-Mar-09 
BL 
HO HO 
5-Nov-08 19-Nov-08 
SM 
5-Mar-09 19-Mar-09 
SM 
TK TK 
6-Nov-08 20-Nov-08 
BL 
6-Mar-09 20-Mar-09 
BL 
HO HO 
20-Nov-08 4-Dec-08 
SM 
20-Mar-09 3-Apr-09 
SM 
TK TK 
21-Nov-08 5-Dec-08 
BL 
21-Mar-09 4-Apr-09 
BL 
HO HO 
5-Dec-08 19-Dec-08 
SM 
4-Apr-09 18-Apr-09 
SM 
TK TK 
6-Dec-08 20-Dec-08 
BL 
5-Apr-09 19-Apr-09 
BL 
HO HO 
20-Dec-08 3-Jan-09 
SM 
19-Apr-09 3-May-09 
SM 
TK TK 
21-Dec-08 4-Jan-09 
BL 
20-Apr-09 4-May-09 
BL 
HO HO 
4-Jan-09 18-Jan-09 
SM * indicates that a field blank is to be 
sampled at location specified 
Field blank labels are generic and 
sequential: FB-01, FB-02, FB-03, etc. 
TK 
5-Jan-09 19-Jan-09 
BL 
HO 
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Table A 2. Fixed-Site Harvard Impactor Sampling Log Sheet. Note: If a field blank sample is taken, write/place the 
field blank ID in the 'Notes' column. 
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Harvard Impactor Filter Change Protocol - Quick Reference Sheet 
PRE-DEPARTURE PREPARATION (AT LAB): 
Checklist: 
Equipment: 
• Clean, oiled impaction plate(s) 
• PM2.5 filters loaded in clean Anderson filter holders stored in labelled petri dish (Table Bl-3) 
• 2 labelled Back-Up PM2 5 filters, loaded in Anderson filter holder, stored in labelled petri dish 
• Spare o-rings for Harvard Impactor 
• 2 Pump Charger Interfaces (black box with cable ports leading to the AC adaptor) 
• BIOS DryCal DC-Lite flow calibrator (charged) 
• Keys to access MoE sites 
• Laptop (with charged battery) 
Tools/Supplies: 
• Kimwipes and Q-Tips 
• Alcohol 
• Impaction plate oil 
• Vaseline 
• Clean Ziploc bags (2-3) 
• Duct tape; electrical tape; painters tape 
• Flat head screwdriver 
• Strap wrenches 
• Pencil, pen and eraser 
• Black Felt 
• Backpack 
• Cell Phone and Watch 
• Harvard Impactor Sampling Log Sheet 
• Protocol for fixed-site sampling 
• Tote Box 
• Shovel/broom 
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1. Wash hands. Cover an area of the working surface with Kimwipes. 
Load filters (including field blanks and back-up filters) into yellow Anderson filter holders (shiny 
side up). 
Important: If you tear or drop a filter on the floor, use a 'Back-up' filter and be sure to use 
the Back-up filter labels and record the 'Back-Up' ID on the log sheet when on-site. 
ON-SITE PREPARATION: 
1. Check pump flow rate 
a. Must be completed outdoors 
b. BIOS Dry Cat must be level and warm. 
c. Record onto log sheet: 
i. BIOS Dry Cal - average flow rate (3rd average of 10 measurements) 
ii. LL Pump - total time elapsed 
iii. LL Pump - total volume record 
iv. current time 
2. Remove the sampled filter from the Harvard Impactor (INDOORS). 
a. Record Filter ID on log sheet under FILTER OUT - FILTER ID. 
b. Place sticker from HI back onto petri dish. 
3. Clean HI and oil new impaction plate 
4. Download pump data 
a. In the LL program: 'View' -VPump History'. Click on 'File' -* 'Save as Comma 
Separated Text': WEST_FixedSitePumpData_pumplD_filterlD_sample-period.txt 
b. Open saved file to verify data has been properly saved. Save second copy on USB 
key. 
5. Warm up LL pump before calibrating ('••' buttons simultaneously) 5min minimum 
6. Insert new filter into clean and assembled HI. 
(If field blank is to be taken: insert the field blank into the HI, close the HI, reopen the 
HI and place the field blank back into the petri dish before inserting sample filter). 
a. Place one sample filter ID sticker on HI housing 
b. Place second sample filter ID sticker on log sheet. 
c. Check to see if filter is properly aligned (look down into HI). 
7. Calibrate the pump 
a. Connect the HI (with calibration cap), LL pump and BIOS DryCal 
b. Put LL pump into 'Setup' mode (*AW*); scroll to 'Adj Flow' screen; turn BIOS 
DryCal on (continuous measurements). 
c. Adjust the flow of the LL pump to 10.000L min^t 0.200 L min'1. 
d. Let the pump run for 3 cycles of 10 without making any adjustments. 
i. If the flow is within 10.000L min"1! 0.2 L min"1 record (the 3rd average of 
10 measurements) on the log sheet 
ii. If the flow has strayed from this range, repeat calibration. 
e. Once pump is calibrated press '*' until you see 'Clr' 
f. Press the 'AT' keys simultaneously to clear the data 
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g. Press until you see 'End' 
h. Press the 'AT' keys simultaneously to exit the Setup. 
8. Program the pump 
a. Clear the pump history: File-» View-»Pump History-»Clear Pump History) 
b. Open the Cycle Scheduler: File—> View-» Pump Scheduler 
i. If the Cycle Scheduler window does not open click on 'View', then 'Pump 
Scheduler'. 
c. Select start day and time, 288 sampling periods, total run time =48:00 hours), 
Pump cycle = Run: lOmin; Hold: 60 min. 
d. Scroll to the end of the schedule (white box on scheduler screen). Confirm and 
record the end date and time on the log sheet. 
e. Click 'Send Schedule to Pump' button; verify that the pump screen says 'PROG'. 
9. Place the Harvard Impactor and LL pump back into the pelican case. 
10. Ensure that the tubing between the LL pump and the Harvard Impactor are securely 
connected and not pinched. 
11. Ensure that the AC power cord is connected to the LL pump and is plugged into the 
power source (look at indicator lights). 
12. Ensure that the heating tape is plugged into the power source. 
13. If field blank is to be taken, leave field blank in pelican case over 2-week sampling 
period. 
14. Record the time (set up complete). 
Post-departure Preparation (at lab): 
1. Remove filters from Anderson filter holders and prepare for shipping. 
2. Clean dirty impaction plates in sonicator (~15 min). 
a. Place impaction plates in beakers filled with distilled water and a drop of soap. 
b. Once clean, rinse the plates thoroughly with distilled water. 
c. Let the plates dry overnight (cover with Kimwipe). 
3. Every month, ship the filter samples via Purolator to Vancouver. 
Sara Leckie 
School of Occupational and Environmental Hygiene 
3rd floor, 2206 East Mall 
Vancouver, BC 
V6T 1Z3 
TERRACE HARVARD IMPACTOR FILTER CHANGES AND CLEANING 
Sending the Harvard Impactor 
There are two Harvard Impactors reserved for the Terrace site to eliminate sampling downtime. 
*Please ensure the Terrace technician receives the prepared Harvard Impactor prior to each 
sample change. 
1. Place the new sample filter (SHINY SIDE UP) into clean Harvard Impactor (with clean and 
oiled impaction plate) just prior to shipping to Terrace. 
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2. *lf field blank is to be taken, insert field blank, close HI then remove field blank (back 
into its petri dish) before loading the sample filter. 
3. Place TWO Filter ID stickers onto the Harvard Impactor pump housing (sample filters 
only). 
4. Please ensure that the Harvard Impactor is packed very securely (try to minimize jostling 
of filter during shipment). 
5. *lf a field blank is to be taken, remember to include it in the shipment. 
6. Include a completed Puralator label inside the box for Terrace technician. 
Ship the prepared Harvard Impactor via Puralator to: 
Kelly McNeil 
UNBC Northwest Regional Office 
4837 Keith Avenue 
Terrace BCV8G 1K7 
Ph: (250) 635 0028 
Receiving the Harvard Impactor 
1. Once every two weeks a Harvard Impactor will be shipped from Terrace (the sample 
filter is inside the HI) 
2. Remove the filter from HI and Anderson filter holder 
3. Place filter into petri dish for shipping. 
4. Remove filter sticker from HI housing, place onto petri dish (2 labels on dish now). 
5. Clean the HI (and impaction plate) so it is ready for its next use. 
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Appendix B: Standard operating procedure for mobile monitoring 
Mobile monitoring sessions within a single community should be last no longer than five 
evenings. If meteorological remain suitable for monitoring beyond a five day period, start 
monitoring in a different community immediately. Precision checks can be performed on the 
nephelometers once meteorological conditions become unsuitable for mobile monitoring. 
iil ' iHii i.iM IS ftim 
Pre-deoartura Preparation (at lab): 
1. Set the nephelometer clocks to UTC (adapted from Larson, Baribeau, & Brauer, 2005). The 
nephelometer clocks must be set to UTC so that the two nephelometers and GPS unit are 
synchronized. 
1. Go to the NIST website: http://nist.time.gov/ (Fig. B 1). 
Click on the 'UTC' link below the map (bottom right) to 
navigate to screen shown in Fig. B 2. 
2. Turn the nephelometer on. On nephelometer menu: 
i. Press 'Enter' button 
ii. Scroll down to 'Adjust clock' 
iii. Press 'Select' button 
3. Set the date to match UTC date shown in NIST website. 
4. Set the time to match the upcoming UTC minute on the 
NIST website. 
5. Once appropriate date and time have been selected, 
scroll down to 'Save Time ->' 
6. Press the 'Enter' button the instant that UTC time (on 
the NIST website) reaches the appropriate minute. The 
screen will display: "Setting Clock". 
7. Verify that the nephelometer clocks have been 
synchronized to UTC time by comparing the time on the 
main display screen of the nephelometers and the NIST 
website. Fig. B 2. UTC time 
Fig. B1. NIST homepage 
03:05:16 
\\ <ihn . I i .'Hij 
2. Ensure the nephelometers have passed the precision checks (below). 
3. Pre-departure check list: 
1. Check nephelometer settings 
Report Prefs-> 
Filtering 
Date Format 
Temp Unit 
Press. Unit 
Normalise to 
Calibration -> 
Kalman 
D/M/Y 
mb 
25#C 
AutoCal Intv 
Wavelength 
Control -> 
Cell Heater 
Inlet Heater 
Desired RH 
Off 
520nm 
Yes 
Yes 
<60% 
189 
Serial I/O -> 
MltDr Baud Rt 
Mlt Parity 
SvcPt BaudRt 
SvcParity 
38400 
None 
9600 
None 
Out to Svc Pt Fixed-site Neph: none 
Mobile Neph: lOsec 
Datalogging -> 
Log Period lmin 
2. Ensure you have all the equipment and materials needed to set up the fixed-site and mobile 
nephelometer 
• Heated sampling inlets 
• Protective housing for the fixed-site nephelometer (including heating pads and padding) 
• 50m outdoor extension cord on reel 
• Webbing for lifting fixed-site nephelometer onto roof 
• Large backpack 
• Laptop 
• GPS data logger, receiver and antenna 
• Lighter plug adapters and power converters for the nephelometer, GPS datalogger and laptop 
• Nephelometer log sheet, extra paper for observational notes, clipboard, pen/pencil 
• Mobile monitoring protocols 
• Cell phone 
• Emergency Kit 
3. Phone local RCMP detachment to inform when sampling will be taking place. Provide a 
description of the vehicle and license plate. 
Burns Lake: (250) 692-7171 
Houston: (250) 845-2204 
Smithers and Telkwa: (250) 847-3233 
Terrace: (250) 638-7400 
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On-site Preparation: 
1. Fixed-site nephelometer set up. 
The fixed-site nephelometer can set to run continuously during each mobile monitoring session. 
The data can be downloaded once back at the lab. In the unlikely event that the weather is bad 
(i.e. rain/snow, wind) check on the fixed-site nephelometer throughout the sampling session to 
ensure that the protective casing is not leaking or has not been blown over. 
a. Secure the protective casing to a fixed structure. 
b. Place the nephelometer into the protective casing 
c. Line with Styrofoam and a heating pad 
d. Ensure that the nephelometer power switch is in the 'OFF' position. 
e. Plug in the heating pad and the nephelometer. Do not turn the nephelometer on yet. 
f. Remove the red plastic cap from 'sample inlet' then insert and secure heated inlet. 
g. Plug sample inlet into the INLET HEATER plug-in. 
h. Secure the rain cap onto the end of the inlet heater. 
i. Ensure that the heating pad and nephelometer are plugged in and receiving power. 
j. Turn the nephelometer on. 
k. Secure the lid onto the nephelometer protective casing. 
I. Ensure that all indoor electrical cords are contained within the shelter (only the outdoor 
extension cord should be exposed) and that all openings are well sealed. 
m. Fill shaded portion of the Nephelometer Log Sheet (Table B 1). 
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Mobil e 
Trip 
Direction 
Travelled 
Filename/Notes 
IX) NJ 
3 
4 
5 
2. Mobile Monitoring Setup (adapted from (Larson, et al., 2005)) 
a. Figure A3 illustrates the sampler setup. 
Air IN 
OUTSIDE 
INS DE 
Heated Sample Inlet 
To cigarette lighter 
Car Window 
Sfpal Cable (to RS232 SERVICE port) 
Heated Inlet Cord 
Fig. B 3. Schematic illustrating mobile monitoring vehicle setup. 
b. Make sure the GPS power light and datalogger light are visible. These lights are the only 
cue that the GPS is operating. 
c. Secure the nephelometer in the back seat. 
d. Place the end of the heated inlet out the window. Attach 
the funnel to the end of the heated inlet tube. Ensure the 
funnel is pointed towards the rear of the vehicle. 
e. Secure the GPS receiver to the roof (with magnet) (Fig. B 
4). Use pipe insulation to keep cold air out of the vehicle. 
f. Start the vehicle. 
g. Plug in e 12-volt adapter into the lighter socket. Ensure the adapter is securely placed 
into the socket and that its power light is on. The power lights on the other equipment 
should also be on. 
Fig. B 4. GPS receiver 
placement. 
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h. Turn on the GPS power switch. In a few 
seconds, the indicator light on the datalogger 
should start flashing (it will rapidly flash twice 
in succession every five seconds once it has 
received the satellite signal). 
i. Turn on the laptop. Open the HyperTerminal 
program (Start -» Accessories -» 
Communications). 
j. The screen in Fig. B 5 will appear. Type in: 
WEST_MobileNeph_SessionFile_date.txt 
This file records the last 500 lines on the 
screen; it is not the file the data are stored in. 
Click OK. 
k. One the next screen (Fig. B 6), you will be 
prompted for the information on the serial 
port location. Select the serial port that the 
nephelometer is connected to. Click OK. 
I. The 'COM Properties' screen will then appear 
(Fig. B 7). Select: Bits per second: 9600, Data 
bits: 8, Parity: None, Stop bits: 1 and Flow 
Control: Hardware. 
m. A blank screen will appear. Select 'Transfer' 
(from the HyperTerminal menu) then 'Capture 
Text to File'. The program will ask you the 
name and location of the text file that will be 
created (this is the data file that the 
nephelometer measurements will be saved to). 
Select Browse and save the file as: 
% mm MMiiicBon 
Btararanw and dyxm «n icon far the comwotai: 
Mm: 
^ i 
> OK >| Cicel I 
Fig. B 5. HyperTerminal Program 
U£2rtgNta» 
Enter detail far heptane nuiterthst you wart to dd: 
Qounky/tag|gn: I Uratad States f1) >-
Aw coda: 
£honeiwnber 
Corjnect using. 
i OK n Cancel [ 
Fig. B 6. Connection screen in HyperTerminal. 
Pol Srftrga [ 
Bbparocond: 
Qaobis: 
K 
•*! 
IMy None 
Sop Ml 1 
Bow central: IHadwae 
BmIOT MmJa 
OK j 1 C«S~]1 
Fig. B 7. COM Properties screen in 
HyperTerminal. 
WEST_MobileNeph_10secAvg_location_direction_date.txt 
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Click Start, 
Turn the nephelometer on. The nephelometer should start making a faint clicking noise. 
*** It is very important for data integrity reasons regarding time matching that the 
GPS is turned on and taking measurements BEFORE the nephelometer is turned on 
during setup. 
Drive the predetermined route using the navigation instructions and maps. While 
driving, have the navigator make observations of conditions that may affect data (e.g. if 
area has heavy wood smoke, if a train passed by etc.) by: a) pressing the event button 
on the GPS datalogger and b) making a note of the condition associated with each event 
on the Mobile Monitoring Observations Sheet (Table B 2).Once the route has been 
completed, turn the NEPHELOMETER OFF FIRST followed by the GPS (again, for data 
integrity). 
Table B 2. Mobile Monitoring Observations Sheet 
L..SLJ ™ L ""EE*.. 
Event Bttn Y/N Time General Location Observation 
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3. Fixed-site nephelometer take-down 
After the sampling session is completed 
a. Turn the nephelometer off 
b. Unplug and remove the heated inlet from the nephelometer 
c. Complete the remaining fixed-site (shaded) portion in the Nephelometer Sampling Log 
Sheet (Table B 1). 
POST-DEPARTURE PREPARATION (AT LABI: 
Nephelometers 
1. Fixed-Site and Nephelometer Data Download (from internal datalogger) 
Data stored on internal datalogger of mobile nephelometer (lmin averages) should be 
downloaded after each run. Data from the fixed-site nephelometer should be downloaded after 
the completion of every sampling session. 
To download data from internal dataloggers: 
a. Use the serial cable to connect M9003 nephelometer (Multi-Drop port) to the laptop 
(serial port). 
b. Turn on the nephelometer. 
c. Open the M9003 Data Downloader software. The following window will be displayed: 
M90O \ NrphelorwUM |MM Uownloruier 
Download data 9 
Output Rk |c:\My OocunenU\twrp.M 
t Append to Hi C Ovanwlalfc 
Con Pat JCOM1 3 [son 
pnfafsncis "* 
Data format jDD/MMAVyYhhmmM »l CofcctData 
3 Tampu* iKelvin 
i FiaktMnankr. I Comma defciied "3 © 
Download Ft«9a 17 Oowrtaadaldata Etr* t T -v 
P DM^ntmirieaitaditataBgidbefaw 
Date iTica 1 Scat corf" 
NmhnfamtMr dn downtorin vawicn 1.lt0 
lAitora ' IcaHane IflH " 
Fig. B 8. M9003 Data Download Screen. 
196 
d. Click the button at the end of the 'Output File:' line, browse to the location where 
you would like to save the file and enter the file name according to the following naming 
convention (Save as a .txt file). 
WEST_FixedSiteNeph_lminAvg_location_sampling period.txt 
e. Select 'Append to file'. 
f. Select the appropriate Com Port. 
g. Set the Baud to 38400. Note: the Baud rate in the Data Downloader must match the 
Baud rate set in the Multi-drop port on the nephelometer. To check this: 
i. Select Serial I/O from the main menu on the nephelometer, check that: 
ii. MltDr Baud Rt = 38400 
iii. Mlt Parity = None. 
h. Under 'Output file preferences' select: 
i. Date Format: DD/MM/YYY hh:mm:ss 
ii. Temp Unit: °C 
iii. Field Separator: Comma delimited. 
i. Set 'End Date/Time' to current date and time. 
j. Select the box labelled 'Display downloaded data in grid below'. 
k. Click on the 'Collect Data' button at the top right of the window. You will see the window fill up 
with data. The data will also be saved to the file. 
I. When downloading is complete, you will be asked whether you wish to clear the data store. 
i. Minimize the Data Downloader window 
ii. Navigate to the file that the data were just saved to and open it. 
iii. Look at the dates, times and measurements to ensure that the data properly downloaded. 
iv. Close the file. 
v. Maximize the Data Downloader window. Click 'Yes' to clear the data. 
m. Repeat these data download steps for the Mobile nephelometer using the following naming 
convention: 
WEST_MobileNeph_lminAvg_location_sampling period.txt 
n. Once the data has been downloaded and cleared from the mobile and fixed-site nephelometer, 
perform Zero and Span checks on the nephelometers. 
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2. Nephelometer Precision Checks (Zero and Span Gas) 
Perform a Zero Check and Span Check on each nephelometer after each sampling session to 
determine if calibration drift has occurred. 
Equipment 
Nephelometers (2) 
A tank of medical grade C02 gas and plumbing 
Before beginning the precision checks: 
1. Verify that the following settings are selected: 
Report Prefs-> 
Filtering Kalman 
Date Format D/M/Y 
Temp Unit °C 
Press. Unit mb 
Normalise to 25°C 
Calibration -> 
AutoCal Intv Off 
Wavelength 520nm 
Span Gas CO2 
Cal min time 10 
Cal max time 20 
% Stability 95 
Control -> 
Cell Heater Yes 
Inlet Heater No 
Desired RH <60% 
Serial I/O -> 
Out to Svc Pt Fixed-Site Neph: none 
MobileNeph: lOsec 
2. Run the nephelometers for 24 hours to allow equilibration to environment. 
3. After the 24 hour collocation is complete, stop the nephelometers and download the 
collocation data. Save the files using the following naming convention: 
WEST_FixedSiteNeph_co-location_date.txt 
WEST_MobileNeph_co-location_date.txt 
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Compare the two data files to ensure that the nephelometers are measuring similar 
values and trends. 
4. Perform Zero Check 
a. Remove the red cap from the Zero Gas valve on nephelometer. 
b. From menu select: Calibration -> Do zero chk 
i. The display will show: 'Zero check will commence within 30 seconds'. You will 
hear the zero pump turn on. 
c. After the zero check has finished, the zero pump will automatically turn off. 
i. Compare the zero check values (found in menu under: Calibration -> Last 
zero ck and Zero ck stab) to the criteria in Table B 3. 
ii. Record the results on the Nephelometer Calibration/Collocation log sheet 
(Table B 4). 
iii. If the zero check values are outside of the acceptable criteria, perform the 
procedure(s) listed under 'Action Required' in Table B 3. 
d. Place the red cap over the 'zero gas' valve when finished. 
Table B 3. M9003 Nephelometer precision check criteria. 
Post-sampling check Calibration Tolerance Action Required 
Zero Check 
0.0± 0.5 Clean light cell; Do zero adjust 
0.0± 1.5 
Invalidate Data; Clean Light Cell 
Do zero adjust 
Span Check 
*for C02, STP: 
298.15K/1013.25mb 
22.71 ±1.14* Do ful l  calibration 
22.71± 2.27* 
Invalidate data 
Do full calibration 
5. Perform Span Check 
a. Verify that span gas is set to CO2 in menu. 
b. Connect the CO2 canister to the Span Gas valve on the nephelometer. Open the 
valves and regulators. Set the flow rate to 2-3 Ipm. 
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c. From menu select: Calibration -> Do span chk. The display will show: Span check 
will commence within 30 seconds. The screen will display Span chk when test has 
commenced. 
d. After the span check has finished, the span gas pump will automatically turn off. 
i. Close C02 canister and valves. 
ii. Compare the span check values (found in menu under: Calibration -> Last span 
ck and Span ck stab) to the criteria in Table B 3. 
e. Record the results on the Ecotech M9003 Calibration/Collocation Log Sheet (Table B 
4). 
f. Place the red cap over the 'span gas' valve when finished 
If the nephelometers passed the Zero and Span checks, they are ready for the next 
sampling session. If the span check values are outside of the acceptable criteria, 
perform the procedure(s) listed under 'Action Required' in Table B 3. 
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Table B 4. Ecotech M9003 Calibration/Collocation Log Sheet 
Date: 
Technician: 
Calibration Start Time: 
Nephelometer ID: 
Calibration Gas: 
Calibration Gas BScat: 
Standard Normalization Temperature: 
CHKorCAL BScat (mM1) Stability (%) Wall signal (%) NOTES 
Pre-check/calibration 
Calibration Gas 
Zero Air 
Post-check/calibration 
Calibration Gas 
Zero Air 
Calibration Completion Time:. 
Notes: 
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3. Zero Adjustment Procedure 
Perform a Zero Adjust when the nephelometer(s) do not meet the Zero Check criteria 
(Table B 3). The Zero Adjust performs a single point zero calibration on the 
nephelometer. The nephelometer has its own internal filter and zero pump which are 
used to adjust the zero calibration point (or offset) of the nephelometer. The air Raleigh 
value is set to zero after the calibration. 
To perform a zero adjust: 
a. Run the nephelometer(s) for at least 30 minutes to allow them to stabilize. 
b. Remove the red cap over the ZERO GAS valve. 
c. From the main menu on the nephelometer select: Calibration -> Do zero adj 
d. The screen will display: 'Zero adjustment will commence within 30 seconds'. 
e. The zero pump will turn on. 
f. Once the zero check is complete, the zero pump will turn off automatically and 
the zero offset will be changed on the calibration curve. 
g. The updated values for the zero adjust are located in Calibration -> Last zero ck 
and Zero ck stab 
h. Record these values on the Ecotech M9003 Calibration/Collocation Log Sheet 
(Table B 4). 
i. Place the red cap back over the Zero Gas valve. 
j. Collocate the nephelometers and allow them to run for 24 hours. 
k. After the 24 hour collocation is complete, stop the nephelometers and download 
the collocation data. Save the files using the following naming convention: 
WEST_FixedSiteNeph_co-location_date.txt 
WEST_MobileNeph_co-location_date.txt 
Compare the two data files to ensure that the nephelometers are measuring 
similar values and trends. 
I. Perform a Zero Check on nephelometer(s) that underwent a zero adjust to 
ensure that zero air values are within the accepted range (Table B 3). 
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4. Full Calibration Procedure 
Perform a Full Calibration when the nephelometer(s) do not meet the Span Check 
criteria. The full calibration performs a two-point calibration on the nephelometer, 
the span point and zero point. The span point is based on the calibration gas and the 
zero point is based on internally filtered particle free air. 
To perform a full calibration: 
a. Remove the red protective caps from the ZERO GAS and SPAN GAS valves on the 
nephelometer. 
b. Make sure the calibration gas is connected correctly, the C02 valves are open 
and the CO2 regulator has been set to 2-3 L min"1. 
c. From the main menu on the nephelometer screen select: Calibration -> Do full 
cal 
d. The screen will display: 'Full calibration will commence within 30 seconds'. 
e. The span point calibration will be completed first. Once the span calibration has 
finished the values for the check will be updated in Calibration -> Last span ck 
and Span ck stab. Record these values on the Ecotech M9003 
Calibration/Collocation Log Sheet (Table A4). 
f. After the span calibration has finished, the zero calibration will proceed 
automatically. Once the zero point calibration has finished, the values will be 
updated in Calibration •> Last span ck and Span ck stab. Record these values on 
the Ecotech M9003 Calibration/Collocation Log Sheet (Table B 4). 
g. Close the CO2 cylinder and all valves. 
h. Place the red caps over the ZERO GAS and SPAN GAS valves. 
i. Collocate the nephelometers and allow them to run for 24 hours. 
j. After the 24 hour collocation is complete, stop the nephelometers and download 
the collocation data. Save the files using the following naming convention: 
WEST_FixedSiteNeph_co-location_date.txt 
WEST_MobileNeph_co-location_date.txt 
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Compare the two data files to ensure that the nephelometers are measuring 
similar values and trends. 
k. Perform Zero and Span checks on nephelometer(s) that underwent a full 
calibration to ensure that the zero and span values are within the accepted range 
(Table B 3). 
5. Cleaning the Light Cell 
The light cell should be cleaned once every 2-3 months however under smoky 
conditions, the light cell may need cleaning more frequently. If the Zero Check 
reports a value 0±1.5 outside of the accepted range (Table B 3), clean the light cell as 
follows. 
a. Unscrew the front cover from the nephelometer. 
b. Unscrew the face of the light cell (small black box a bottom of nephelometer). 
c. Gently spray forced air into cell to blow all particles out. 
d. Replace the light cell cover. Ensure o-ring is placed properly. 
e. Replace the front cover of the nephelometer. 
GPS DATALOGGER 
1. Downloading GPS Data (from Larson, T., Baribeau, 
Smokemobile Operating Instructions. Working 
Draft). 
a. Open the cover on the battery 
compartment of the data logger and attach 
a 9V battery to the terminals in the 
compartment. 
b. Connect the GPS data logger to the laptop 
using the female-female 9-pin serial cable. 
c. Open the Data Logger Download program. You should see the screen shown in 
Fig. B 9. 
A-M., ana Brauer, M., 2005. 
Dtt* Logger &*** : &-348S 38Yy-M*«H*KK?J DltrtllX i 2.i4 £U2pp«U Si KM22 
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d. Go to File/Properties. Make sure that 
the speed is set at 4800 baud and the 
port is the appropriate on. In this 
example COM 4 is specified. Set 
datum preference to WGS 84. Click 
'OK' (Fig. B 10). 
e. On the main menu screen select 
Transfer/Download from the Logger. 
The captured data will be 
downloaded and the screen shown in 
Fig. B 11 will be displayed. 
f. When the download is complete, the 
program will prompt you to save the 
data as a .csv file with a name and 
location of your choice. Use the 
following naming convention: 
WEST_community_dateD.csv 
where 'D' is the direction travelled. For example if a run was completed in Houston 
on Nov 1,2007 an the coin flipped indicated 'tails' the file name would be 
WEST_Houston_Novl_07T .csv 
g. Double check the saved .csv file to ensure that the data were saved properly. 
h. Clear the memory by selecting Transfer/Clear logger memory or clicking on the 
garbage can icon. 
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Fig. B10. Com configuration screen. 
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Data Logger Model 
Revision 
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Dw<rioid»d<9P iSpMdieOO 
Fig. B11. Data downloading on screen. 
COMMUNITY MAPS AND MOBILE MONITORING ROUTES 
TERRACE: ROUTE 1 (HEADS) 
Start: Access Centre (Eby St/ Lazelle Ave) 
1. Eby St (South) 
2. Right onto Hwy 16 (East) 
3. Right onto Kalum Lake Dr 
4. Left onto Hummingbird Ave 
5. Right onto Stellars Jay Dr 
6. Right onto McConnell Crescent 
7. Left onto Spring Creek Drive, u-
turn at end 
8. Left onto McConnell Crescent 
9. Left onto Kalum Lake Dr, u-turn 
at Farko Rd 
10. Left onto Douglas Rd 
11. Right onto Martel Rd 
12. Left onto Centennial Dr 
13. Right onto Cranberry Lane 
14. Left onto Woodland Park 
15. Right onto Fosberry Rd (turns 
into Johnston Rd) 
16. Left onto Orde Rd 
17. Left onto Johns Rd 
18. Left onto Glen Rd,u-turn at end 
19. Right onto Johns Rd 
20. Right onto Orde Rd 
21. Left onto Eby St N 
22. Left onto Vesta Ave, u-turn at 
end (Kermode St) 
23. Left onto Eby St 
24. Right onto Dairy Ave, u-turn at 
end (Munroe St) 
25. Right onto Eby St 
26. Left onto Halliwell Ave 
27. Right onto Skoglund St (u-turn at 
end) 
28. Left onto Wilson Ave 
29. Right onto Eby St 
30. Right onto Bolton Ave (u-turn at 
end) 
31. Right onto Eby St 
32. Right onto Halliwell Ave 
33. Left onto Sparks St 
34. Left onto Gair Ave, u-turn at end 
35. Left onto Sparks St, u-turn at end 
36. Left onto Halliwell Ave 
37. Right onto Anderson St 
38. Left onto Munthe Ave 
39. Left onto Yeo St, u-turn at end 
40. Left onto Munthe Ave 
41. Right onto Westview Dr 
42. Right onto Hillcrest Ave, u-turn 
at end 
43. Right onto Westview Dr, u-turn 
at end 
44. Left onto Clara St, u-turn at 
Hallock St 
45. Right onto Westview Dr 
46. Left onto Munthe Ave 
47. Right onto Sparks St 
48. Left onto Halliwell Ave 
49. Left onto Benner St, u-turn at 
end 
50. Left onto Halliwell Ave 
51. Left onto Temple St, u-turn at 
end 
52. Left onto Halliwell Ave 
53. Right onto Munroe St 
54. Left onto Gair Ave 
55. Right onto Thomas St, u-turn at 
Dairy Ave 
56. Left onto Halliwell Ave 
57. Right onto Munroe St 
58. Right onto Twedle Ave 
59. Left onto Terrace St, turns into 
Highland Crescent, u-turn at end 
60. Left onto Twedle Ave 
61. Left onto Thomas St 
62. Left onto Cooper Dr, u-turn at 
end 
63. Left onto Thomas St 
64. Right onto McConnell Ave 
65. Left onto Bailey St 
206 
66. Left onto Cory Dr, u-turn at 
Hallock 
67. Left onto Bailey St 
68. Left onto Gordon Dr, u-turn at 
end 
69. Left onto Bailey St, turns into 
Mountain Vista Dr 
70. Left onto Kalum Lake Dr 
71. Left onto Hwy 16 (East) 
72. Left onto Kenney St 
73. Left onto Park Ave 
74. Right onto Pheasant St 
75. Left onto Walsh Ave 
76. Left onto Pheasant St 
77. Right onto Lanfear Dr 
78. Right onto Thomas St 
79. Left onto Park Ave 
80. Left onto Kenney St, turns into 
Lanfear Dr 
81. Right onto Thomas St 
82. Left onto MCrae (follow back out 
to Thomas St) 
83. Left onto Thomas St 
84. Left onto Cole, u-turn at end 
85. Left onto Thomas St, stay left -
turns into Caledonia then Lambly 
Ave 
86. Left onto Munroe St 
87. Right onto McConnell Ave 
88. Left onto Dejong Crescent, 
follow back out to McConnell 
Ave 
89. Left onto McConnell Ave, u-turn 
at end 
90. Left onto Sparks St 
91. Left onto Tuck Ave, u-turn at end 
92. Cross Sparks St and continue on 
Tuck Ave 
93. Left onto Munroe St 
94. Left onto Soucie Ave, u-turn at 
end 
95. Left onto Kalum St 
96. Immediate left into Sunny Hill 
Mobile Home Park, u-turn at end 
97. Left onto Kalum St 
98. Right onto Hammer Ave, u-turn 
at end 
99. Right onto Kalum St 
100. Immediate left into 
mobile park, stay right, loop 
around to left 
101. Left onto Kalum St 
102. Right onto Straume Ave 
103. Left onto Thomas St 
104. Left onto Scott Ave, go to end 
105. Left onto Hanson St 
106. Left onto Straume Ave 
107. Left onto Kalum St 
108. Right onto Loen Ave 
109. Right onto Munroe St 
110. Right onto Olsen Ave 
111. Right onto Sparks St 
112. Left onto Loen Ave 
113. Right onto Adam St 
114. Right onto Walsh Ave 
115. Left onto Kenney St 
116. Left onto Park Ave 
117. Left onto Munroe St 
118. Right onto Davis Ave 
119. Right onto Eby St 
120. Left onto Park Ave - at Sparks 
St you must veer right then left 
(at stop sign) to stay on Park, 
turns into Johnstone St (stay 
straight and go up hill) 
121. Left onto Pedrini, turns into 
Birch Hill, turns into Atwood St, 
cross Park Ave 
122. Right onto Lazelle Ave 
123. Left onto Kenney St 
124. Left onto Greig Ave 
125. Right onto Munroe St 
126. Left onto Hwy 16 (East) (go 
through lights at Sande St), turns 
into Greig Ave, go to end 
127. Left onto School St 
128. Left onto Legion Ave 
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129. Right onto Lakelse Ave, follow 
to end, cross bridge 
130. Right onto Queensway Dr 
131. Right into Skeena Valley Trailer 
Park, stay straight and go to end. 
then follow loop around to the 
right 
132. Right onto Queensway Dr 
133. Right onto Kenworth, u-turn at 
end 
134. Right onto Queensway Dr 
135. Left onto Kirch St 
136. Left onto Lowrie Ave 
137. Left into trailer park (1st on 
left), follow loop around 
138. Left onto Lowrie Ave 
139. Left onto Kulspai Crescent 
140. Take next left (Kulspai Rd) - no 
street sign 
141. Right onto Queensway Dr 
142. Right onto Bobsien Crescent, u-
turn at end 
143. Right onto Queensway 
144. Right onto Substation Ave 
145. Left onto Hwy 37 (North) 
146. Right onto Hwy 16 (East) 
147. Left onto Kofed Dr 
148. Right onto Desjardines Ave 
149. Left onto Kofed Dr 
150. Left into mobile home park, u-
turn at end 
151. Left onto Kofed Dr 
152. Right onto Clark St (at end of 
Kofed Dr, no street sign) 
153. Left onto River Dr 
154. Cross Hwy 16 onto Crescent St 
(straight ahead) 
155. Left onto Haaland Ave 
156. Left onto Dobbie St 
157. Left at stop sign (no street 
sign), turns into Clore Ave 
158. Left onto Skinner 
159. Left onto Walker St 
160. Left into Simpson 
161. Left onto Edlund Ave 
162. Right onto Hagen St 
163. Hard Left onto Furlong 
164. Left onto McNeil St 
165. Right onto Edlund Ave 
166. Right onto Mist St 
167. Left onto Furlong 
168. Right onto Edlund Ave 
169. Right onto Kerby St, u-turn at 
end 
170. Left onto Edlund Ave 
171. Left onto Walker St, turns into 
Haaland Ave 
172. Left onto Crescent St 
173. Left onto Old Lakelse Lake Dr 
174. Left into Woodland Mobile 
Home Court, loop around to 
right 
175. Left onto Old Lakelse Lake Dr 
176. Left onto Thornhill St 
177. Left onto Newell Ave 
178. Right onto Penner St, turn right 
at end (onto Fox - no street sign) 
179. Left onto Thornhill St, u-turn at 
end, cross Old Lakelse Lake Dr, 
turns into Dogwood Ave, turns 
into Laurel St, keep right - turns 
into Krumm Ave 
180. Right onto Hemlock St 
181. Right onto Cottonwood 
Crescent 
182. Right onto Alder Ave 
183. Left onto Spruce, veer right into 
trailer court, loop around to the 
left 
184. Right onto Larch Ave 
185. Left onto Hemlock St 
186. Right onto Hawthorne Ave 
187. Left onto Cypress St 
188. Left onto Walnut Dr 
189. Right onto Balsam Ave 
190. Left onto Hemlock St 
191. Left onto Old Lakelse Lake Dr 
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192. Left onto Sande Ave, u-turn at 
end 
193. Right onto Toyhbee St 
194. Right onto Mountain View Ave, 
u-turn at end 
195. Left onto Toyhbee St 
196. Right onto Clark St 
197. Right onto Muller Ave 
198. Right into Pine Park Trailer 
Court, take 2nd left, loop around 
to the left 
199. Cross Muller Ave into trailer 
court on the other side of the 
street, loop around to the right 
200. Left onto Muller Ave 
201. Left onto Pine Ave (no street 
sign, 1st left after Century) 
202. Right onto Clarke St S. 
203. Left onto Paquette Ave 
204. Right onto Old Lakelse Lake Dr 
205. Left onto Hwy 16 (West) 
206. Left onto Kerr St 
207. Right onto Freeney Ave 
208. Left onto Cramer St 
209. Left onto Haugland Ave 
210. Right onto Kerr St 
211. Right onto Graham Ave 
212. Right onto Kalum St 
213. Left onto Haugland Ave 
214. Left onto Pear St 
215. Right onto Weber Ave 
216. Left onto Tetrault St 
217. Left onto Goulet Ave 
218. Right onto Pear St 
219. Right onto Graham Ave 
220. Right onto Tetrault St 
221. Left onto Haugland Ave 
222. Left onto Eby St 
223. Right onto Graham Ave 
224. Right onto Molitar St 
225. Left onto Keith Ave 
226. Left onto Braun St 
227. Left onto Pohle Ave (1st left, no 
street sign) 
228. Right onto Molitor St 
229. Right onto Haugland Ave 
230. Left onto Sunset Dr 
231. Right onto Molitor St 
232. Right onto Graham Ave 
233. Right onto Beach St 
234. Left onto Mills Ave, u-turn at 
end, go back out to Graham Ave 
235. Right onto Graham Ave 
236. Right onto Craig Dr 
237. Left onto Medeek Ave 
238. Right onto Braun St 
239. Left onto Haugland Ave 
240. Right onto Skeena St 
241. Right onto Keith Ave 
242. Right onto Kenney St 
243. Left onto Agar Ave 
244. Left onto Molitor St 
245. Right onto Keith Ave 
246. Left onto Hwy 16 (West), follow 
Route 16 back to Eby St (i.e. left 
onto overpass, left at lights) 
247. Right onto Eby St 
Finish: Eby St/Lazelle Ave 
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TERRACE: ROUTE 2 (TAILS) 
Start: Eby St/ Lazelle Ave 
1. Eby St (South) 
2. Right onto Hwy 16 (East) 
3. Right onto Keith Ave 
4. Left onto Molitor St 
5. Right onto Agar Ave 
6. Right onto Kenney St 
7. Left onto Keith Ave 
8. Left onto Skeena St 
9. Left onto Haugland Ave 
10. Right onto Braun St 
11. Left onto Medeek Ave 
12. Right onto Craig Dr 
13. Left onto Graham Ave 
14. Left onto Beach St 
15. Left onto Mills Ave, u-turn at end 
16. Go back out to Graham Ave 
17. Left onto Graham Ave 
18. Left onto Molitor St 
19. Left onto Sunset Dr 
20. Right onto Haugland Ave 
21. Left onto Molitor St 
22. Left onto Pohle Ave 
23. Right onto Braun St 
24. Right onto Keith Ave 
25. Right onto Molitor St 
26. Left onto Graham Ave 
27. Left onto Eby St 
28. Right onto Haugland Ave 
29. Right onto Tetrault St 
30. Left onto Graham Ave 
31. Left onto Pear St 
32. Left onto Goulet St 
33. Right onto Tetrault St 
34. Right onto Weber 
35. Left onto Pear St 
36. Right onto Haugland Ave 
37. Right onto Kalum St 
38. Left onto Graham Ave 
39. Left onto Kerr St 
40. Left onto Haugland Ave 
41. Right onto Cramer St 
42. Right onto Freeney Ave 
43. Left onto Kerr St 
44. Right onto Hwy 16 (East) 
45. Right onto Old Lakelse Lake Dr 
46. Left onto Paquette Ave 
47. Right onto Clark St S. 
48. Left onto Pine Ave 
49. Right at end of Pine Ave, onto 
Muller Ave 
50. Enter trailer park on right, loop 
around to the right 
51. Right onto Muller Ave 
52. Enter Pine Park Trailer Court on 
left, take 2nd left, loop around to 
the left 
53. Left onto Muller Ave 
54. Left onto Clark St S 
55. Left onto Toyhbee St 
56. Right onto Mountain View Ave, 
u-turn at end 
57. Left onto Toyhbee 
58. Left onto Sande Ave, u-turn at 
end 
59. Right onto Old Lakelse Lake Dr 
60. Right onto Hemlock St 
61. Right onto Balsam Ave 
62. Left onto Walnut Dr 
63. Right onto Cypress St 
64. Right onto Hawthorn Ave 
65. Left onto Hemlock St 
66. Right onto Larch Ave 
67. Left into trailer court, loop 
around to the right 
68. As you exit trailer park stay 
straight (onto Spruce St) 
69. Right onto Alder Ave 
70. Left onto Cottonwood Crescent 
71. Left onto Hemlock St 
72. Left onto Krumm Ave 
73. Left onto Laurel St, keep right, 
turns into Dogwood Ave 
74. Left onto Thornhill St 
75. Left onto Newell Ave 
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76. Right onto Penner St 
77. Right onto Fox Ave 
78. Left onto Thornhill St, u-turn at 
end 
79. Right onto Old Lakelse Lake Dr 
80. Right into Woodland Mobile 
Home Court, loop around to the 
left 
81. Right onto Old Lakelse Lake Dr 
82. Right onto Crescent St 
83. Right onto Haaland Ave, turns 
into Walker St 
84. Right onto Edlund Ave 
85. Right onto Kerby St, u-tum at 
end 
86. Left onto Edlund Ave 
87. Furlong onto Furlong 
88. Right onto Mist St 
89. Left onto Edlund Ave 
90. Left onto McNeil St 
91. Right onto Furlong 
92. Right onto Hagen St 
93. Left onto Edlund Ave 
94. Right onto Simpson 
95. Right onto Walker St 
96. Right onto Skinner 
97. Right onto Clore Ave, turns into 
Kirkaldy St 
98. Right onto Dobbie St 
99. Right onto Haaland Ave 
100. Right onto Crescent St 
101. Cross Hwy 16 onto River Dr 
102. Right onto Clark St 
103. Left onto Kofoed Dr 
104. Right into mobile home park, u-
turn at end 
105. Right onto Kofoed Dr 
106. Right onto Desjardines Ave 
107. Left onto Kofoed Dr 
108. Right onto Hwy 16 (West) 
109. Left onto Hwy 37 (South) 
110. Right onto Substation Ave 
111. Left onto Queensway Dr 
112. Left onto Bobsien Crescent, u-
turn at end 
113. Left onto Queensway Dr 
114. Left onto Kulspai Rd 
115. Right onto Kulspai Crescent 
116. Right onto Lowrie Ave 
117. Right into last trailer park 
entrance on right, follow loop 
around 
118. Right onto Lowrie Ave 
119. Right onto Kirsch St 
120. Right onto Queensway Dr 
121. Left into Skeena Valley Trailer 
Park, stay straight and go to end, 
then follow loop around to the 
right 
122. Left onto Queensway Dr 
123. Left onto Lakelse Ave (cross 
bridge) 
124. Left onto Legion Ave 
125. Right onto School St 
126. Right onto Greig Ave, go 
through lights, turns into Hwy 16 
(West) 
127. Right onto Munroe St 
128. Left onto Greig Ave 
129. Right onto Kenney St 
130. Right onto Lazelle Ave 
131. Left onto Atwood St, turns into 
Birch Hill 
132. Left onto Pedrini 
133. Right onto Maroney, turns into 
Johnston St, then into Park Ave 
134. Continue straight on Park Ave, 
at Sparks St you will have to veer 
right then left to stay on Park 
135. Right onto Eby St 
136. Left onto Davis Ave 
137. Left onto Munroe St 
138. Right onto Park Ave 
139. Right onto Kenney St 
140. Right onto Walsh Ave 
141. Left onto Adam St 
142. Left onto Loen Ave 
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143. Right onto Sparks St 
144. Left onto Olson Ave 
145. Left onto Munroe St 
146. Left onto Loen Ave 
147. Left onto Kalum St 
148. Right onto Straume Ave 
149. Right onto Hanson St 
150. Right onto Scott Ave 
151. Right onto Thomas St 
152. Right onto Straume Ave 
153. Left onto Kalum St 
154. Right into mobile park, stay 
right, loop around to the left 
155. Right onto Kalum St 
156. Left onto Hammer Ave, u-turn 
at end 
157. Left onto Kalum St 
158. Right into Sunny Hill Mobile 
Home Park, u-turn at end 
159. Right onto Kalum St 
160. Right onto Soucie Ave, u-turn at 
end 
161. Continue straight on Soucie Ave 
(cross Kalum St) 
162. Right onto Munroe St 
163. Right onto Tuck Ave, u-turn at 
end 
164. Right onto Sparks St 
165. Right onto McConnell Ave, u-
turn at end, continue straight on 
McConnell Ave 
166. Right onto Dejong Crescent 
167. Right onto McConnell Ave 
168. Left onto Munroe 
169. Right onto Lambly, turns into 
Caledonia then Thomas St 
170. Right onto Cole, u-turn 
171. Right onto Thomas St 
172. Right onto McCrae, follow back 
out to Thomas St 
173. Right onto Thomas St 
174. Left onto Kenney St 
175. Right onto Park Ave 
176. Right onto Thomas St 
177. Left onto Lanfear Dr 
178. Left onto Pheasant St 
179. Right onto Walsh Ave, u-turn at 
end 
180. Right onto Pheasant St 
181. Left onto Park Ave 
182. Right onto Kenney St 
183. Right onto Hwy 16 (West) 
184. Right onto Kalum Lake Dr 
185. Right onto Mountain Vista Dr, 
turns into Bailey St 
186. Right onto Gordon Dr, u-turn at 
end 
187. Right onto Bailey St 
188. Right onto Cory Dr, u-tum at 
Hallock 
189. Right onto Bailey St 
190. Right onto McConnell Ave 
191. Left onto Thomas St 
192. Right onto Cooper Dr, u-turn at 
end 
193. Right onto Thomas St 
194. Right onto Twedle 
195. Right onto Terrace, turns into 
Highland, u-turn at end 
196. Right onto Twedle Ave 
197. Left onto Munroe 
198. Left onto Halliwell 
199. Right onto Thomas St, u-turn at 
Dairy Ave 
200. Left onto Gair Ave 
201. Right onto Munroe Ave 
202. Left onto Halliwell Ave 
203. Right onto Temple St, u-turn at 
end 
204. Right onto Halliwell Ave 
205. Right onto Benner St, u-turn at 
end 
206. Right onto Halliwell Ave 
207. Right onto Sparks St 
208. Left onto Munthe Ave 
209. Right onto Westview Dr 
210. Left onto Clara St, u-turn at 
Hallock St 
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211. Right onto Westview Dr, u-turn 
at end 
212. Left onto Hillcrest Ave, u-turn 
at end 
213. Left onto Westview Dr 
214. Left onto Munthe Ave 
215. Right onto Yeo St, u-turn at end 
216. Right onto Munthe Ave 
217. Right onto Anderson St 
218. Left onto Halliwell Ave 
219. Right onto Sparks St, u-turn at 
end 
220. Right onto Gair Ave, u-turn at 
end 
221. Right onto Sparks St 
222. Right onto Halliwell Ave 
223. Left onto Eby St 
224. Left onto Bolton, u-turn at end 
225. Left onto Eby St 
226. Left onto Wilson 
227. Right onto Skoglund St, u-turn 
at end 
228. Left onto Halliwell Ave 
229. Right onto Eby St 
230. Left onto Dairy Ave, u-turn at 
Munroe St 
231. Left onto Eby St 
232. Right onto Vesta Ave, u-turn at 
end (Kermode St) 
233. Right onto Eby St N 
234. Right onto Orde Rd 
235. Left onto Johns Rd 
236. Left onto Glen Rd, u-turn at end 
237. Right onto Johns Rd 
238. Right onto Orde Rd 
239. Right onto Johnson Rd, turns 
into Fosberry Rd 
240. Left onto Woodland Park Dr 
241. Right onto Cranberry Lane 
242. Left onto Centennial Rd 
243. Right onto Martel Rd 
244. Left onto Douglas Rd 
245. Right onto Kalum Lake Dr, u-
turn at Farko Rd 
246. Right onto McConnell Crescent 
247. Right onto Spring Creek Dr, u-
turn at end 
248. Right onto McConnell Crescent 
249. Left onto Stellars Jay Dr 
250. Left onto Hummingbird Ave 
251. Right onto Kalum Lake Dr 
252. Left onto Hwy 16 (East) 
253. Left onto Eby St 
Finish: Eby St/Lazelle Ave 
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SMITHERS/TELKWA: ROUTE 1 (HEADS) 
Smithers Start: lst/Columbia 
Telkwa Start: (across from MoE 
Station; #136) 
1. Columbia St (North) 
2. Left onto Hwy 16 (West) 
3. Right onto Schibli Rd (loop 
around trailer court - see map 
insert) 
4. Right onto Hwy 16 (West) 
5. Right onto Anderson, u-turn at 
end 
6. Right onto Hwy 16 (West) 
7. Right onto Banff St, left at 
bottom of hill, left onto Lund St 
(no sign), follow back to Hwy 16 
8. Right onto Hwy 16 (West) 
9. Right onto Henry Rd, turns into 
Laughlin Rd 
10. Right onto Hwy 16 (West) 
11. Left onto Lake Kathlyn Junction 
Rd 
12. Left onto Lake Kathlyn Rd 
13. Right onto Proctor Rd 
14. Right onto Slack Rd 
15. Right onto Whalen Rd, u-turn at 
end 
16. Right onto Aspen Rd, u-turn at 
end 
17. Right onto Whalen Rd 
18. Left onto Slack Rd 
19. Right onto Simcoe Ave 
20. Right onto Simcoe Loop 
21. Left onto Simcoe Ave 
22. Right onto Calgary Rd, turns into 
Edmonton St 
23. Right onto 4th Ave 
24. Left onto Scotia St 
25. Left onto Lane 1 
26. Right onto Edmonton St 
27. Right onto Hwy 16 (East) 
28. Right onto Toronto St 
29. Right onto 3rd Ave, turns into 
Montreal St, turns onto 2nd Ave 
30. Right onto Toronto St 
31. Right onto Alfred Ave 
32. Right onto Birch Crescent 
33. Right onto Alfred (no sign), drive 
around cul-de-sac 
34. Right onto Elm Dr (no sign) 
35. Right onto Toronto St 
36. Left onto Railway Ave, follow to 
end, turns into Hudson Bay 
Mountain Rd 
37. Left onto Monkton Rd 
38. Right onto Gardiner Rd, keep 
right, turns into Seymour Lake 
Rd 
39. Right onto Freeland Ave 
40. Right onto Hudson Bay 
Mountain Rd, follow back down 
to Railway Ave 
41. Right onto Rupert St, follow 
around to left, stay on back alley 
until Vancouver St 
42. Right onto Vancouver St 
43. Left onto Alfred Ave 
44. Right onto Toronto St 
45. Right onto Broadway Ave 
46. Right onto Manitoba St 
47. Left onto Alfred Ave 
48. Left onto Columbia St 
49. Right onto Broadway Ave 
50. Left onto King St 
51. Left onto 1st Ave 
52. Right onto Toronto St 
53. Right onto 2nd Ave 
54. Left onto King St 
55. Right onto 3rd Ave 
56. Right onto Dominion St 
57. Left onto 2nd Ave 
58. Left onto Alberta St 
59. Left onto 3rd Ave 
60. Right onto Victoria St 
61. Left onto Turner Way 
62. Right onto 3rd Ave 
63. Left onto 16th Ave 
64. Left onto Frontage Rd 
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65. Left onto Alberta St 
66. Right onto 4th Ave 
67. Left onto King St 
68. Right onto Railway Ave 
69. Right onto Murray St 
70. Left onto Alfred Ave 
71. Right onto Main St 
72. Left onto 4th Ave 
73. Left onto Queen St 
74. Right onto Railway Ave 
75. Right onto Columbia St 
76. Left onto 4th Ave 
77. Left onto Manitoba St 
78. Right onto Railway Ave 
79. Right onto Winnipeg St 
80. Left onto 3rd Ave 
81. Right onto Toronto St, cross Hwy 
16, turns into Bulkley Dr 
82. Left onto Reiseter Ave 
83. Left onto Driftwood Crescent 
84. Right onto Sunny Point Dr (no 
sign) 
85. Right onto Bulkey Dr 
86. Left onto Morice Dr 
87. Left onto Babine Crescent 
88. Left onto Morice Dr 
89. Left onto Columbia Dr 
90. Right onto 11th Ave 
91. Left onto Queen St 
92. Left onto 13th Ave 
93. Right onto Princess St 
94. Right onto 12th Ave 
95. Left onto Queen St 
96. Left onto 8th Ave 
97. Right onto Main St 
98. Left onto Frontage Rd 
99. Left onto Fulton Ave 
100. Left onto 14th Ave 
101. Right onto Main St 
102. Right onto 15th Ave 
103. Left onto 16th Ave 
104. Right onto Princess St 
105. Right onto 17th Ave 
106. Left onto Dominion St 
107. Left onto 18th Ave 
108. Right onto Hillside Dr 
109. Right onto Dominion St 
110. Right onto 17th Ave 
111. Right onto Main St 
112. Left into Riverside Village 
113. Left into trailer park, stay right 
and loop around to the left 
114. Left out of the trailer park, 
follow to end 
115. Right onto Main St 
116. Left onto Victoria Dr (no sign), 
turns into Frontage Rd 
117. Left onto 19th Ave 
118. Left onto Hwy 16 (East) 
119. Right onto Laidlaw Rd, drive 
into and out of each of the 4 
entrances to Mountain View 
Mobile Home Park 
120. Right onto Laidlaw Rd (runs 
adjacent to Hwy 16 (East)) 
121. Right onto Hwy 16 (East) 
122. Right onto Raymond Rd, just do 
loop near Hwy, don't go down 
the hill 
123. Right onto Hwy 16 (East) 
ENTERING TELKWA 
124. Right onto Hunter Ave, u-turn 
at end 
125. Right onto Hwy 16 (East), aka 
4th St 
126. Left onto Hudson Ave, u-turn at 
end 
127. Left onto Hwy 16 (East), aka 4th 
St 
128. Left onto Hope Ave 
129. Right onto back alley 
130. Left onto Madison Ave 
131. Left onto 3rd St, u-turn at end 
132. Left onto Hankin Ave 
133. Left onto 2nd St, u-turn at end 
134. Left onto Hankin Ave 
135. Left onto 1st St, u-turn at end 
136. Right onto Hankin Ave 
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137. Cross Hwy 16 to Riverside St 
138. Right onto 5th St 
139. Left onto Madison Ave, turns 
into Riverside, keep right 
140. Cross bridge 
141. Right onto Cottonwood St 
142. Right onto Dogwood St, u-turn 
at end 
143. Right onto Cottonwood St 
144. Right onto Elm St, u-turn at end 
145. Right onto Cottonwood St 
146. Right onto Fir St, u-turn at end 
147. Right onto Cottonwood St 
148. Right onto Dogwood St 
149. Right onto Coalmine Rd 
150. Left onto Woodland St 
151. Left onto Walnut St, u-turn at 
end 
152. Left onto Poplar St 
153. Left onto Willow St 
154. Right onto Spruce Dr, u-turn at 
end 
155. Left onto Willow St 
156. Left onto Chestnut Dr, u-turn at 
end 
157. Right onto Poplar St 
158. Right onto Willow St 
159. Right onto Woodland St 
160. Right onto Coalmine Rd 
161. Right onto Cottonwood 
162. Right onto Pine St, u-turn at 
end 
163. Left onto Cottonwood St 
164. Right onto Coalmine Rd 
165. Go back out to Hwy 16 
166. Right onto Hwy 16 (East) 
167. Left onto Water Tower Rd 
168. Right onto Tyler 
169. Left onto Telegraph St 
170. Go straight at stop sign 
171. Left onto Aldermere Ridge 
172. Left onto 1st St, turns into Trail 
St 
173. Right onto Tower St 
174. Right onto Hwy 16 (West) 
175. Right onto Tyhee Lake Rd 
176. Right onto Telkwa Mobile 
Home Park 
177. Right onto Tyhee Lake Rd 
178. Left onto Babine Lake Rd 
179. Right onto Hwy 16 (West) 
180. Right onto Upper Viewmount 
Rd 
181. Right onto Kidd Rd, u-turn at 1st 
corner 
182. Right onto Viewmount Rd 
183. Right onto Columbia St 
184. Right onto 22nd Ave, u-turn at 
end 
185. Left onto Columbia St 
186. Left onto Viewmount Rd 
187. Right onto Old Babine Lake Rd 
188. Right onto Hwy 16 (West) 
189. Left onto Columbia St 
Smithers Finish: 1st Ave/Columbia 
St 
Telkwa Finish: (across from MoE 
Station; #135) 
216 
SMITHERS/TELKWA: ROUTE 2 (TAILS) 
Smithers Start: lst/Columbia 
Telkwa Start: (across from MoE 
Station; #27) 
1. Columbia St (East) 
2. Right onto Hwy 16 (East) 
3. Left onto Old Babine Lake Rd 
4. Left onto Viewmount Rd 
5. Left onto Columbia St 
6. Right onto 22nd Ave, u-turn at 
end 
7. Left onto Columbia St 
8. Left onto Viewmount Rd 
9. Left onto Kidd Rd, u-turn at 1st 
corner 
10. Left onto Viewmount Rd 
11. Right onto Old Babine Lake Rd 
12. Left onto Upper Viewmount Rd 
13. Left onto Hwy 16 (East) 
14. Left onto Babine Lake Rd 
ENTERING TELKWA 
15. Right onto Telkwa High Rd 
16. Left onto Telkwa Mobile Home 
Park 
17. Left onto Telkwa High Rd 
18. Left onto Hwy 16 (East) 
19. Left onto Water Tower Rd 
20. Right onto 1st St turns into Trail 
St 
21. Left onto Aldermere Ridge 
22. Go straight through stop sign 
onto Telegraph St 
23. Right onto Tyler 
24. Left onto Water Tower Rd 
25. Right onto Hwy 16 (West) 
26. Left onto Riverside St, turns into 
Coalmine Rd 
27. Left onto Cottonwood St 
28. Right onto Pine St, u-turn at end 
29. Left onto Cottonwood St 
30. Left onto Coalmine Rd 
31. Left onto Woodland St 
32. Left onto Willow St 
33. Right onto Poplar St 
34. Right onto Chestnut Dr, u-turn at 
end 
35. Right onto Willow St 
36. Right onto Spruce Dr, u-turn at 
end 
37. Left onto Willow St 
38. Right onto Poplar St 
39. Right onto Walnut St, u-turn at 
end 
40. Right onto Woodland St 
41. Right onto Coalmine Rd 
42. Left onto Dogwood St 
43. Left onto Cottonwood St 
44. Left onto Fir St, u-turn at end 
45. Left onto Cottonwood St 
46. Left onto Dogwood St, u-turn at 
end 
47. Left onto Cottonwood St 
48. Left onto Coalmine Rd, turns into 
Riverside Rd 
49. Left onto 5th St 
50. Left onto Madison Ave 
51. Left onto Riverside Rd 
52. Cross Hwy 16, turns into Hankin 
Ave 
53. Left onto 1st St, u-turn at end 
54. Right onto Hankin Ave 
55. Right onto 2nd St, u-turn at end 
56. Right onto Hankin Ave 
57. Right onto 3rd St, u-turn at end 
58. Right onto Madison Ave 
59. Left into back alley 
60. Left onto Hope Ave 
61. Right onto Hwy 16 (West) 
62. Right onto Hudson Ave, u-turn at 
end 
63. Right onto Hwy 16 (West) 
64. Left onto Hunter Ave, u-turn at 
end 
65. Left onto Hwy 16 (West) 
66. Left onto Raymond Rd, just to 
loop adjacent to Hwy, don't go 
down hill 
67. Left onto Hwy 16 (West) 
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68. Left onto Laidlaw Rd (runs 
adjacent to Hwy 16) 
69. Left onto Laidlaw Rd, drive into 
and out of each of the 4 
entrances to Mountain View 
Mobile Park 
70. Left onto Hwy 16 (West) 
71. Right onto 19th Ave 
72. Right onto Victoria Dr 
73. Right onto Main St, go to end 
74. Left onto dirt road 
75. Right into trailer park, stay left 
and loop around to the right 
76. Right onto Main St 
77. Left onto 17th Ave 
78. Left onto Dominion St 
79. Right onto Hillside Dr 
80. Left onto 18th Ave 
81. Right onto Dominion St 
82. Right onto 17th Ave 
83. Left onto Princess St 
84. Left onto 16th Ave 
85. Right onto 15th Ave 
86. Left onto Main St 
87. Left onto 14th Ave 
88. Right onto Fulton Ave 
89. Right onto Frontage Rd 
90. Right onto Main St 
91. Left onto 8th Ave 
92. Right onto Queen St 
93. Right onto 12th Ave 
94. Left onto Princess St 
95. Left onto 13th Ave 
96. Right onto Queen St 
97. Right onto 11th Ave 
98. Left onto Columbia Dr 
99. Right onto Morice Dr 
100. Right onto Bulkley Dr 
101. Left onto Sunny Point Dr (at 
end of road) 
102. Left onto Driftwood Crescent 
103. Left onto Reiseter Ave 
104. Left onto Bulkley Dr, cross 
Hwy 16, turns into Toronto St 
105. Left onto 3rd Ave 
106. Right onto Winnipeg St 
107. Left onto Railway Ave 
108. Left onto Manitoba St 
109. Right onto 4th Ave 
110. Right onto Columbia St 
111. Left onto Railway Ave 
112. Left onto Queen St 
113. Left onto 4th Ave 
114. Right onto Main St 
115. Left onto Alfred Ave 
116. Right onto Murray St 
117. Left onto Railway Ave 
118. Left onto King St 
119. Right onto 4th Ave 
120. Left onto Alberta St 
121. Right onto Frontage Rd 
122. Right onto 16th Ave 
123. Right onto 3rd Ave 
124. Left onto Turner Way 
125. Right onto Victoria St 
126. Left onto 3rd Ave 
127. Left Alberta St 
128. Right onto 2nd Ave 
129. Right onto Dominion St 
130. Left onto 3rd Ave 
131. Left onto King St 
132. Right onto 2nd Ave 
133. Left onto Toronto St 
134. Left onto 1st Ave 
135. Right onto King St 
136. Right onto Broadway Ave 
137. Left onto Columbia St 
138. Right onto Alfred Ave 
139. Right onto Manitoba St 
140. Left onto Broadway Ave 
141. Left onto Toronto St 
142. Left onto Alfred Ave 
143. Left onto Vancouver St 
144. Follow back alley through 
onto Rupert St 
145. Left onto Hudson Bay 
Mountain Rd 
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146. Left onto Freeland Ave, turns 
into Seymour Lake Rd 
147. Keep left, turns into Gardiner 
Rd 
148. Left onto Monkton Rd 
149. Right onto Hudson Bay 
Mountain Rd 
150. Left onto Railway Ave 
151. Right onto Toronto St 
152. Left onto Elm Dr 
153. Left onto Alfred Ave, drive 
around cul-de-sac 
154. Left onto Birch Crescent 
155. Left onto Alfred Ave 
156. Left onto Toronto St 
157. Left onto 2nd Ave, turns into 
Montreal St, then into 3rd Ave 
158. Left onto Hwy 16 
159. Left onto Edmonton St 
160. Left onto Lane 1 
161. Right onto Scotia St 
162. Right onto 4th Ave 
163. Left onto Edmonton St, turns 
into Calgary Rd 
164. Left onto Simcoe Ave 
165. Left onto Simocoe Loop 
166. Left onto Simcoe Ave 
167. Left onto Slack Rd 
168. Right onto Whalen Rd 
169. Left onto Aspen Rd, u-turn at 
end 
170. Left onto Whalen Rd, u-turn at 
end 
171. Left onto Proctor Rd 
172. Left onto Lake Kathlyn Rd 
173. Right onto Lake Kathlyn 
Junction Rd 
174. Right onto Hwy 16 (East) 
175. Left onto Laughin Rd, turns 
into Henry Rd 
176. Left onto Hwy 16 (East) 
177. Left onto Powell St 
178. Left onto Lund Ave, follow up 
hill to the right 
179. Right onto Banff St, follow 
back to Hwy 16 
180. Left onto Hwy 16 (East) 
181. Left onto Anderson Rd, u-turn 
at end 
182. Left onto Schibli Rd - follow 
map inset for trailer court 
183. Left onto Hwy 16 (East) 
184. Right onto Columbia St 
Smithers Finish: lst/Columbia 
Telkwa Finish: (across from MoE 
Station; #26) 
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HOUSTON: ROUTE 1 (HEADS) 
Start: 12th St/Poulton Ave 
1. Poutlon Ave (South) 
2. Left onto 13th St 
3. Right onto Butler Ave, turns into 
Riverbank Dr 
4. Right onto Omenica Way, u-turn 
at Dungate Dr 
5. Right onto Poplar Rd, u-turn at 
end 
6. Right onto Omenica Way, u-turn 
at end 
7. Right onto Riverbank Dr 
8. Right onto Duke Ave, u-turn at 
end 
9. Right onto Riverbank Dr 
10. Right onto Winter Ave, u-turn at 
end 
11. Right onto Riverbank Dr, turns 
into Butler Ave 
12. Right onto 15th St, u-turn at end 
13. Right onto Cataline Court, u-turn 
at end 
14. Right onto 15th St 
15. Right onto Butler Ave 
16. Right onto 11th St 
17. Right into Ambassador Trailer 
Court (follow map insert) 
18. Right onto 11th St 
19. Right onto Avalon Ave 
20. Right onto Baggerman Crescent 
21. Left onto Baggerman Place, u-
turn at end 
22. Left onto Baggerman Crescent 
23. Left onto Omenica Way 
24. Right onto Omenica Crescent, u-
turn at end 
25. Right onto Omenica Way 
26. Right onto Equity Place, u-turn in 
church parking lot 
27. Right onto Omenica Way, go 
through stop sign, turns into 
Avalon Ave 
28. Right onto Star Ave, turns into 
Dominion Ave 
29. Left onto East Valley Rd, u-turn 
at overpass (pavement ends 
here) 
30. Right onto Avalon Ave 
31. Right onto 11th St 
32. Right onto Butler Ave 
33. Right onto Birch St, veer right, u-
turn at end 
34. Right onto Butler Ave 
35. Right onto Hwy 16 (West), cross 
Houston Bridge 
36. Right onto Drive-in Rd 
37. Drive through Shady Rest RV 
Park (keep to right) 
38. Go back out to Hwy 16, turn 
right (East) 
39. Left onto Williams Crescent 
40. Right onto unnamed frontage 
road that runs adjacent to Hwy 
16, turns into Highway Crescent 
41. Right onto Norwood St 
42. Right onto Roys Ave 
43. Right onto Mt. Davis Way 
44. Right onto Hwy 16 (West), cross 
Houston Bridge 
45. Right onto Benson Ave, follow to 
end, becomes 4th St 
46. Right onto North Copeland Ave 
47. Left onto 6th St, go to end, u-turn 
48. Right onto Benson Ave 
49. Right onto 5th St 
50. Right onto North Copeland Ave 
51. Right onto 6th St 
52. Left onto Benson Ave 
53. Right onto Hwy 16 (West) 
54. Right onto North Tweedie Ave 
55. Left onto West 3rd Ave 
56. Left onto North Nadina Ave 
57. Left onto West 5th Ave 
58. Right onto North Tweedie Ave 
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59. Right onto Hwy 16 (West) 
60. Left onto Morice River Road 
(CanforSign) 
61. U-turn at Hols Rd 
62. Right onto Hwy 16 (East) 
63. Right onto Alix Frontage Rd 
64. Right onto Hwy 16 (East) 
65. Right into Silverhorn RV 
Campground, stay to right and 
follow loop around 
66. Right onto Hwy 16 (East) 
67. Right onto Buck Flats Rd 
68. Left onto Lund Rd, u-turn at 
Bennett 
69. Right onto Buck Flats Rd 
70. Right onto Hwy 16 (East) 
71. Right onto Nadina Ave (GM 
Dealership) 
72. Immediate left onto Hambin 
Frontage Rd 
73. Right onto Kanata Rd 
74. Right onto Middleton Rd, go to 
end, u-turn 
75. Right on Lahti Rd, go to end, u-
turn 
76. Right onto Middleton Rd 
77. Right onto Goold Rd 
78. Left onto Elliott Crescent (go 
straight through stop sign) 
79. Left onto Goold Rd 
80. Left onto Olsson Rd 
81. Left onto Nadina Way 
82. Right onto Pearson Rd 
83. Right onto Sullivan Way 
84. Right onto Nadina Way 
85. Right onto Nadina PI, u-turn at 
end 
86. Right onto Olsson Rd 
87. Left onto Sullivan Way 
88. Right onto Pearson Rd, veer right 
at brown apartment complex (no 
street name here) - turns into 
Hagman Crescent 
89. Left onto Park Lane Crescent 
90. Straight onto Hungerford Dr 
91. Left onto Parish, u-turn at end 
92. Left onto Hungerford Dr 
93. Left onto Gillespie 
94. Right onto Jewel 
95. Right onto Hungerford Dr 
96. Right onto Gillespie 
97. Right onto Mountainview Dr, u-
turn at Four Seasons Park 
98. Left onto Tweedie Ave, u-turn at 
end 
99. Left onto 14th St 
100. Left onto Law Ave, follow 
around corner, turns into 13th 
Ave 
101. Right onto Tweedie 
102. Right onto Hwy 16 (East) 
103. Right onto Copeland Ave 
104. Left onto 14th St 
105. Left onto Butler Ave 
106. Left onto 13th St 
107. Right onto Copeland Ave 
108. Right onto 11th St 
109. Left onto Butler Ave 
110. Left onto 9th St 
111. Left onto Copeland Ave 
112. Left onto 10th St 
113. Right onto Butler Ave 
114. Right onto 11th Ave 
115. Left onto Copeland Ave 
116. Left onto 12th St 
Finish: 12th St/Pouiton Ave 
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HOUSTON: ROUTE 2 (TAILS) 
Start: 12th St/Poulton Ave 
1. 12th St (West) 
2. Right onto Copeland Ave 
3. Right onto 11th St 
4. Left onto Butler Ave 
5. Left onto 10th St 
6. Right onto Copeland Ave 
7. Right onto 9th St 
8. Right onto Butler Ave 
9. Right onto 11th St 
10. Left onto Copeland Ave 
11. Left onto 13th St 
12. Right onto Butler Ave 
13. Right onto 14th St 
14. Right onto Copeland Ave 
15. Left onto Hwy 16 (West) 
16. Left onto Tweedie Ave 
17. Left onto 13th St, follow around 
corner, turns into Law Ave 
18. Right onto 14th St 
19. Cross the street (veer left) onto 
Tweedie Ave, u-turn at end 
20. Right onto Mountain View Dr, u-
turn at Four Seasons Park 
21. Left onto Gillespie 
22. Left onto Hungerford Dr 
23. Left onto Jewel 
24. Left onto Gillespie 
25. Right onto Hungerford Dr 
26. Right onto Parish, u-turn at end 
27. Right onto Hungerford drive 
28. Straight onto Park Lane 
Crescent, come out other end 
29. Right onto Hagman Crescent 
30. Left onto Pearson Rd, no sign, 
brown apartment complex on 
left 
31. Left onto Sullivan Way 
32. Right onto Olsson Rd 
33. Left onto Nadina Way 
34. Left onto Nadina Place, u-turn 
35. Left onto Nadina Way 
36. Left onto Sullivan Way 
37. Left onto Pearson Rd 
38. Left onto Nadina Way 
39. Right onto Olsson Rd 
40. Left onto Elliot Crescent 
41. Right onto Goold Rd 
42. Left onto Middleton Rd 
43. Left onto Lahti Rd, u-turn at end 
44. Left onto Middleton Rd, u-turn 
at end 
45. Left onto Kanata Rd 
46. Left onto Hambin Frontage Rd 
47. Right onto Nadina Ave (GM 
Dealership) 
48. Left onto Hwy 16 (West) 
49. Left onto Buck Flats Rd 
50. Left onto Lund Rd, u-turn at 
Bennett Rd 
51. Right onto Buck Flats Rd 
52. Left onto Hwy 16 (West) 
53. Left into Silverhorn RV 
Campground, stay left and follow 
loop around 
54. Left onto Hwy 16 (East) 
55. Left onto Alix Frontage Rd 
56. Left onto Hwy 16 (West) 
57. Left onto Morice River Road 
(Canfor sign), u-turn at Hols Rd 
58. Right onto Hwy 16 (West) 
59. Left onto North Tweedie Ave 
60. Left onto West 5th Ave 
61. Right onto North Nadina Ave 
62. Right onto West 3rd Ave 
63. Right onto North Tweedie Ave 
64. Left onto Hwy 16 (East) 
65. Left onto Benson Ave 
66. Right onto 6th St 
67. Left onto 5th St 
68. Left onto Benson Ave 
69. Left onto 6th St, u-turn at end 
70. Right onto North Copeland Ave 
71. Left 4th St, turns into Benson Ave 
72. Left onto Hwy 16 (East) 
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73. Left onto Mt. Davis Way 
74. Left onto Roys Ave 
75. Left onto Norwood St 
76. Left onto Highway Crescent, 
turns into unnamed frontage 
road 
77. Left onto Williams Crescent, 
follow to other end 
78. Left onto Hwy 16 (West) 
79. Left onto Drive-in Rd 
80. Drive through Shady Rest RV 
Park (keep to left) 
81. Right onto Drive-in Rd 
82. Left onto Hwy 16 (West), cross 
Houston Bridge 
83. Left onto Butler Ave 
84. Left onto Birch St, veer right, u-
turn at end 
85. Left onto 11th St 
86. Left onto Avalon Ave 
87. Right onto East Valley Rd, u-turn 
at overpass (pavement ends 
here) 
88. Left onto Dominion Ave, turns 
into Star Ave 
89. Left onto Avalon Ave, go through 
stop sign, becomes Omenica 
Way 
90. Left onto Equity Place, u-turn in 
church parking lot 
91. Left onto Omenica Way 
92. Left onto Omenica Crescent, u-
turn at end 
93. Left onto Omenica Way 
94. Right onto Baggerman Crescent 
95. Right onto Baggerman Place, u-
turn at end 
96. Right onto Baggerman Crescent 
97. Left onto Avalon Ave 
98. Left onto 11th St 
99. Left onto Ambassador Trailer 
Cours (follow map insert) 
100. Left onto 11th St 
101. Left onto Butler Ave 
102. Left onto 15th St 
103. Left onto Cataline Court, u-
turn at end 
104. Right onto 15th St 
105. Left onto Butler Ave, turns 
into Riverbank Dr 
106. Left onto Winter Ave, u-turn 
at end 
107. Left onto Riverbank Dr 
108. Left onto Duke Ave, u-turn at 
end 
109. Left onto Riverbank Dr 
110. Left onto Omenica Way, u-
turn at end 
111. Left onto Poplar Rd, u-turn at 
end 
112. Left onto Omenica Way, u-
turn at Dungate Dr 
113. Left onto Riverbank Dr, turns 
into Butler Ave 
114. Left onto 13th St 
115. Right onto Poulton Ave 
Finish: 12th St/Poulton Ave 
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BURNS LAKE (& DECKER LAKE): 
ROUTE 1 (HEADS) 
Start: 4th Ave/Government St. 
1. Government (South) 
2. Right onto Gillian St 
3. Right onto Francois Lake Drive 
4. Right onto Railway Ave, u-turn at end 
5. Right onto Peters, u-turn at end 
6. Right onto Railway Ave 
7. Right onto Isaac Sam Dr, u-turn at end 
8. Right onto Tibbetts Crescent 
9. Right onto Railway Ave 
10. Right onto Charlie Crescent, u-turn 
at end 
11. Right onto Water St 
12. Right onto Francois Lake Dr 
13. Right onto Hwy 35 (South) 
14. Right onto Eagle Creek Rd, stay left, 
turns into Clearview Dr, u-turn at end 
15. Right onto McNeil Dr, u-turn at end 
16. Right onto Clearview drive, go back 
to Hwy 35 
17. Right onto Hwy 35 (South) 
18. Right onto Osatulk Rd, u-turn at end 
19. Cross Hwy 35 to Frame Rd, u-turn at 
end 
20. Right onto Hwy 35 (North) 
21. Right onto Nourse 2 Rd, u-turn at 
end 
22. Right onto Hwy 35 (North) 
23. Right onto Nourse 1 Rd, u-turn at 
end 
24. Right onto Hwy 35 (North) 
25. Right onto Gerow Island Rd, u-turn 
at end 
26. Right onto Robert Rd, follow to end 
27. Right onto Gerow Island Rd 
28. Right onto Hwy 35 (North) 
29. Right onto Pioneer Way 
30. Right onto Flogum Rd, u-turn at end 
31. Right onto Pioneer Way, u-turn at 
end 
32. Right onto Hwy 35 (North) 
33. Right onto Hwy 16 (East) 
34. Right onto Richmond Loop 
35. Right onto Hwy 16 (East) 
36. Right onto Roumieu Dr 
37. Right onto Schritt Crescent, u-turn at 
end 
38. Right onto Roumieu Dr, u-turn at 
end 
39. Right onto Hwy 16 (East) 
40. Left onto Peterson Rd, turns into 
Blaine Rd, u-turn at end 
41. Right onto Bobcat Rd, u-turn at end 
42. Right onto Peterson Rd 
43. Right onto Hwy 16 (West) 
44. Right onto Kerr Rd, u-turn at end 
45. Right at Mulvaney's Pub (no road 
sign) 
46. Drive through Blue Spruce mobile 
park and return to Hwy 16 
47. Right onto Hwy 16 (West) 
48. Right onto Hill St 
49. Left onto Carroll St 
50. Right onto 1st Ave, go to end, drive 
through roadway in blue townhouse 
complex (stay straight, don't do side 
roads) 
51. Left onto 3rd Ave 
52. Left onto Carroll St 
53. Right onto 1st Ave 
54. Right onto Hwy 16 (West) 
55. Right onto 2nd Ave 
56. Left onto Centre St 
57. Right onto 3rd Ave 
58. Left onto Kerr St 
59. Left onto 4th Ave, turns into Brown 
60. Left onto 3rd Ave 
61. Left onto Carroll St 
62. Right onto 5th Ave (turns into 9th 
Ave, eventually becomes a one way -
keep going to end), turns into 
Government St 
63. Left onto 8th Ave, turns into 
Shelford St 
64. Left onto 9th Ave 
65. Left onto Carroll St 
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66. Right onto 8th Ave 
67. Left onto A. Turner St, turns into 7th 
68. Left onto Lome St 
69. Left onto Hwy 16 (East) 
70. Left onto 6th Ave, u-turn at end 
(very narrow road) 
71. Left onto Hwy 16 (West) 
72. Left onto 5th Ave 
73. Right onto Centre St 
74. Right onto 4th Ave 
75. Left onto Hwy 16 (East) 
76. Left onto 3rd Ave 
77. Left onto Centre St (go to end) 
78. Left onto unnamed road (do all side 
roads to right) 
79. Left onto Babine Crescent, veer right 
(down hill) 
80. Left onto Lower Lome St 
81. Left onto 11th Ave 
82. Left on next street (unnamed) 
83. Right onto Babine Crescent 
84. Right onto Centre St 
85. Left onto Sus Ave, go to end, u-turn 
86. Right onto Wizih St 
87. Right onto Toh Ave, go to end, u-
turn 
88. Left onto Wizih St 
89. Right onto Sus Ave 
90. Right ontoTsa St 
91. Right onto Chas Ave, u-turn at end 
92. Go back out to Centre St and turn 
left 
93. Right onto 10th Ave, veer right 
down hill 
94. Left onto Private Dr 
95. Left onto Babine Rd 
96. Right onto Hwy 16 (West) 
97. Right onto Mulvaney Crescent 
98. Right onto Hwy 16 (West) 
99. Right onto Torkka Dr 
100. Left onto Nash Rd (follow to Hwy 
exit on left) 
101. Right onto Hwy 16 (West) 
102. Right onto Murphy Rd 
103. Right onto Miller Rd N, follow to 
Miller Rd S 
104. Left onto Murphy Rd 
105. Right onto Hwy 16 (West) 
106. Right onto Rod & Gun Rd, u-turn at 
end 
107. Right onto Hwy 16 (West) 
108. Right onto Wildwood Dr, u-turn at 
end 
109. Right onto Hwy 16 (West) - enter 
Decker Lake 
110. Right onto Kissock Rd 
111. Left onto Baker Dr, u-turn at end 
112. Right onto Kissock Rd 
113. Right onto Brewer Ave, u-turn at 
end 
114. Right onto Decker Lake Hall Rd 
115. Right onto Hwy 16 (West), u-run at 
Rowland Rd (on left hand side) 
116. Right onto McKenna School Rd 
117. Right onto Eckland Rd, u-turn at 
end 
118. Go back out to Hwy 16, turn right 
(East) - go back to Burns Lake 
119. Right onto Government St 
120. Left onto 5th Ave 
121. Right onto Hwy 16 (East) 
122. Right onto 3rd Ave 
123. Left onto Government St 
124. Left onto Hwy 16 (West) 
125. Left onto 4th Ave 
Finish: 4th Ave/Government St. 
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BURNS LAKE (& DECKER LAKE): 
ROUTE 2 (TAILS) 
Start: 4th Ave/Government St 
I.4th Ave (North) 
2. Right onto Hwy 16 (East) 
3. Right onto Government St 
4. Right onto 3rd Ave 
5. Left onto 5th Ave 
6. Right onto Government St 
7. Left onto Hwy 16 (West) 
8. Left onto McKenna School Rd 
9. Right onto Eckland Rd, u-turn at end 
10. Go back out to Hwy 16, turn left 
(West) 
II. Make a u-turn at Rowland Rd (on 
your left) 
12. Left onto Decker Lake Hall Rd 
13. Left onto Brewer Ave, u-turn at end 
14. Left onto Kissock Rd 
15. Left onto Baker Dr, u-turn at end 
16. Right onto Kissock Rd 
17. Left onto Hwy 16 (West) 
18. Left onto Wildwood Dr, u-turn at 
end 
19. Left onto Hwy 16 (West) 
20. Left onto Rod & Gun Rd, u-turn at 
end 
21. Left onto Hwy 16 (East) 
22. Left onto Murphy Rd 
23. Right onto Miller Rd S, follow onto 
Miller Rd N 
24. Left onto Murphy Rd 
25. Left onto Hwy 16 (East) 
26. Left onto Nash Rd, follow to next 
Hwy exit on right 
27. Right onto Torkka Dr 
28. Left onto Hwy 16 (East) 
29. Left onto Mulvaney Crescent 
30. Left onto Hwy 16 (East) 
31. Left onto Babine Rd 
32. Right onto Private Dr, veer right up 
hill 
33. Left onto 10th Ave 
34. Left onto Centre St 
35. Right onto Sus Ave 
36. Left onto Tsa St 
37. Right onto Chas Ave, u-turn at end 
38. Right onto Tsa St 
39. Left onto Sus Ave 
40. Left onto Wizih St 
41. Right onto Toh Ave, u-turn at end 
42. Left onto Wizih St 
43. Left onto Sus Ave, u-turn at end 
44. Right onto Centre St 
45. Left onto Babine Crescent 
46. Make 1st left (no street sign) 
47. Right onto 11th Ave 
48. Right onto Lower Lome St 
49. Left onto Babine Crescent (down 
hill) 
50. Keep left as you come back up hill 
and enter each street on left, u-turn at 
ends 
51. Right onto Centre St 
52. Left onto 3rd Ave 
53. Right onto Hwy 16 (West) 
54. Right onto 4th Ave 
55. Left onto Centre St 
56. Left onto 5th Ave 
57. Right onto Hwy 16 (West) 
58. Right onto6th Ave, u-turn at end 
(very 
narrow road) 
59. Right onto Hwy 16 (West) 
60. Right onto Lome St 
61. Right onto 7th Ave 
62. Left onto A. Turner St 
63. Right onto 8th Ave 
64. Left onto Carroll St 
65. Right onto 9th Ave 
66. Right onto Shelford St, turns into 8th 
Ave 
67. Right onto Marsh Ave 
68. Left onto 9th Ave, turns into 
Government St 
69. Left onto 8th Ave 
70. Left onto Carroll St 
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71. Right onto 9th Ave, turns into 5th 
Ave 
72. Left onto Carroll St 
73. Right onto 3rd Ave 
74. Right onto Brown St, turns into 4th 
Ave 
75. Right onto Kerr St 
76. Right onto 3rd Ave 
77. Left onto Centre St 
78. Right onto 2nd Ave 
79. Left onto Hwy 16 (East) 
80. Left onto 1st Ave 
81. Left onto Carroll St 
82. Right onto 3rd Ave 
83. Right into blue townhouse complex 
at end, stay straight, don't do side roads 
84. Right onto 1st Ave 
85. Left onto Carroll St 
86. Right onto Hill St 
87. Left onto Hwy 16 (West) 
88. Left at Mulvane/s Pub (no road 
sign) 
89. Drive through Blue Spruce Mobile 
Park and return to Hwy 16 
90. Left onto Hwy 16 (East) 
91. Left onto Peterson Rd 
92. Left onto Bobcat Rd, u-turn at end 
93. Left onto Peterson Rd, turns into 
Blaine 
Rd, u-turn at end 
94. Return to Hwy 16 
95. Right onto Hwy 16 (West) 
96. Left onto Roumieu Dr, u-turn at end 
97. Left onto Schritt Crescent, u-turn at 
end 
98. Left onto Roumieu Dr 
99. Left onto Hwy 16 (West) 
100. Left onto Richmond Loop 
101. Left onto Hwy 16 (West) 
102. Left onto Hwy 35 (South) 
103. Left onto Pioneer Way, u-turn at 
end 
104. Left onto Flogum Rd, u-turn at end 
105. Left onto Pioneer Way 
106. Left onto Hwy 35 (South) 
107. Left onto Gerow Island Rd 
108. Left onto Robert Rd (follow to end) 
109. Left onto Gerow Island Rd, u-turn 
at end 
110. Left onto Hwy 35 (South) 
111. Left onto Nourse 1 Rd, u-turn at 
end 
112. Left onto Hwy 35 (South) 
113. Left onto Nourse 2 Rd, u-turn at 
end 
114. Left onto Hwy 35 (South) 
115. Left onto Frame Rd, u-turn at end 
116. Cross Hwy 35 onto Osatulk Rd, u-
turn 
at end 
117. Left onto Hwy 35 (North) 
118. Left onto Eagle Creek Rd, keep left, 
turns into Clearview Dr 
119. Left onto McNeil Dr, u-turn at end 
120. Left onto Clearview Dr, u-turn at 
end (go back to Hwy 35) 
121. Left onto Hwy 35 (North) 
122. Left onto Francois Lake Dr 
123. Left onto Water St 
124. Left onto Charlie Crescent, u-turn 
at end 
125. Left onto Railway Ave 
126. Left onto Tibbetts Crescent 
127. Left onto Isaac Sam Dr, u-turn at 
end 
128. Left onto Railway Ave 
129. Left onto Peters Rd, u-turn at end 
130. Left onto Railway Ave, u-turn at 
end 
131. Left onto Francois Lake Drive 
132. Left onto Gillian St 
133. Left onto Government St 
Finish: 4th Ave/Government St 
227 
Appendix C: M43D Smoke Stain Reflectometer standard operating procedure 
Reflectance Measurement 
1. Handle all filters with tweezers and wipe the monitor with alcohol prior to and 
after all measurements. 
2. Measure the reflectance of 5 blank filters using the 5 point measurement system 
(Figure 1). 
3. Calculate the mean and standard deviation of the reflectance values for each 
filter. If each blank filter has a standard deviation < 0.5 % then use the filter with 
the median average reflectance as the control filter. If one or more filters have a 
standard deviation 2:0.5% then continue measuring blank filters until you have 
five that fall within the accepted standard deviation 
4. Use the control filter to set the reflectance of the SSR to 100% 
5. Measure the sample filters, one at a time, using the 5 point measurement 
system. Measure the control filter after every 5 sample filters to ensure that the 
monitor has not drifted 
6. Recalibrate the SSR after every 25 filters. Use the primary control filter to set the 
reflectance to 100% 
7. At the end of each measurements session, re-measure a random 10% of the 
filters. If the re-measurement values were found to differ by more than 3% from 
the original measurements, re-measure all filters. 
Figure 1. Five-point measurement 
system for measuring Teflon filters 
with a M43D Smoke Stain 
Reflectometer. 
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Calculating the absorbance coefficient 
1. Calculate the absorbance coefficient using the equation below 
ABS = 0.5 A In (RF/RS)/V 
ABS = absorption coefficient (m1) 
A = the area of stain of the filter (m2) 
Rf = average reflectance of field blank filters (%) 
Rs = average reflectance of sample filter (%) 
V = volume of sample (m3) 
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Appendix D: GC/MS analytical protocol for quantitation of levoglucosan 
UBC School of Occupational and Environmental Hygiene (SOEH) 
Determination of Levoglucosan in Atmospheric Fine Particulate Matter 
by GC/MS 
Creation Date: 04/14/05 Method version: SOEH-SOP#A.00.10 
Introduction 
Levoglucosan (figure 1) is a sugar anhydride and is used as a molecular marker for 
the presence of wood smoke in air. The components detected in wood smoke are 
numerous, PAH'S, aldehydes, free radicals and methoxylated phenols, but the 
detection of levoglucosan has proven to be a reliable indicator for wood combustion 
from residential fireplaces or forest fires. 
Solvent extraction of 37 m.m.or 41 m.m. teflon filters (PTFE Membrane W/PMP 
Ring 2.0 um) with ethyl acetate, derivatization of levoglucosan and subsequent 
GC/MS analysis is a very selective and sensitive quantitative method. 
Figure 1: Levoglucosan 
1,6-Anhydro-beta-D-glucopyranose (498-07-7) 
C6H10O5 M.W. = 162.142 
Apparatus: 
GC/MS System - Varian Saturn 2000 
Hitachi HiMac centrifuge (CT5DL model) 
Gelman Teflo™ W/Ring - PTFE Membrane W/PMP Ring: 2.0 um 37 m.m. 
P/N R2PJ037 
Filter Cutter (see Figure 2) 
Chemicals 
1.6-Anhydro-beta-beta-D-glucopyranose - Sigma-AIdrich P/N 316555-1G (99.9% purity) 
1,3,5-Tri-Isopropylbenzene (internal standard) - Fluka P/N 92075 (97% purity) 
2.7-Anhydro-beta-D-alto heptulopyranose - Sigma-AIdrich P/N S3375 
OH 
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MSTFA + 1% TMCS (N-Methyl-N-trimethylsilyltri-fluoroacetamide + 1% 
Trimethylchlorosilane) 10x1 mL ampules - Pierce Chemicals P/N 48915 
Pyridine (ACS grade) - Fluka # 82702 - 99.8% purity 
Ethyl Acetate - Fisher analytical grade 
Procedure 
Removal of Teflon portion of the filter 
Each Teflon filter has an outside plastic ring that maintains the Teflon filter's round 
shape. 
Removing the telfon filter material requires a special tool designed to position and cut out 
the teflon portion. 
For 37 m.m. Teflon filters place the filter inside a GPM cassette holder and install the 
support ring. 
Snug down the support ring to prevent the filter from rotating during the cutting step. 
Insert the cutting tube and rotate with a downward force. This will cut out the teflon 
portion of the filter. 
Using clean forceps transfer the filter to a 5 mL extraction vessel. 
Prior to the extraction/derivatization procedure spike 50 uL of the stock 7-
dehydrocholesterol to each vessel (surrogate standard). 
Extraction and Derivatization 
Levoglucosan is light sensitive so take precautions to not expose the sample vials to 
intense direct light 
Transfer 2 mL of ethyl acetate into the extraction vessel and ultrasonicate for 30 mins. 
Centrifuge only if the samples have high suspended particulate matter. 
Transfer exactly 100 uL of the final extract into GC vials that have 300 uL inserts 
installed. Try not to re-suspend the particulates. 
Add 10 uL of pyridine and 30 uL of MSTFA +1% TMCS solution. 
Vortex for 10-20 sees and place the samples in a dark location for a minimum of 6 hours 
to complete the derivatization. 
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Prior to GC/MS analysis spike 5 uL of trimethyl isopropyl benzene internal standard into 
each vial. 
Preparation of Levoglucosan Stock Solution 
Weigh about 0.010 to 0.030 grams an amount of levoglucosan into an aluminium boat 
and record precisely the final weight. Transfer to a 50 mL volumetric flask and top up 
with HPLC grade ethyl acetate. Mix vigourously to dissolve all the crystals and to aid 
solubilization, ultrasonication can assist in this process. Make sure no solid crystals 
remain undissolved. The stock solution can be stored at -80 °C. Calculate the final 
concentration in nanograms per microliter (ng/uL) and record the date of preparation. 
Preparation of 7-Dehydrocholesterol Surrogate Stock Solution 
Weigh about 0.010 to 0.030 grams an amount of 7-Dehydrocholesterol into an aluminium 
boat and record precisely the final weight. Transfer to a 50 mL volumetric flask and top 
up with HPLC grade ethyl acetate. Mix vigourously to dissolve all the crystals and to aid 
solubilization, ultrasonication can assist in this process. Make sure no solid crystals 
remain undissolved. The stock solution can be stored at -80 °C. Calculate the final 
concentration in nanograms per microliter (ng/uL) and record the date of preparation. 
Preparation of Trimethylisopropylbenzene Internal Standard 
Transfer 30 uL of trimethylisopropylbenzene into 25 mL volumetric flask and top up 
with ethyl acetate. Spike 5 uL of this solution into each GC vial after derivatization is 
completed. 
Figure 2: Mass Spectrum of the Trimethylsilyl derivative of Levoglucosan 
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Figure 3: Limited Mass Chromatogram of Quantitation Ion of Levoglucosan-TMS (m/z 333) 
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GC/MS Instrument Parameters: Injection Vol (uL): 1.0 uL 
Column: HP-5 30 meters x 0.25 m.m. I.D. (0.25 um film thickness) 
Gas Type: Helium (UHP Grade) 
Temperature Program: 65 °C (1 min hold) to 310 °C @ 20 °C/min 
Final Hold Time (mins): 4.2 min 
Total Run time (mins): 15 mins 
Injection Port 
Splittless Injection Time: 0.5 minutes 
Temperature: 290 °C 
Single Ion Monitoring Mode (S.I.M.) 
Delay Time (mins): 4.5 mins 
S.I.M. Table 
Start Time (mins) Monitored Ions 
Group #1 - Diisopropyl benzene (Internal Standard) 
4.5 mins (Istd) 161:189:204 
Group #2 - Levoglucosan 
6.65 mins 204:217:333 
Group #3 - 7-Dehydrochlolesterol (Surrogate) 
10.55 325:351:456 
Dwell Time (msec) 
50 
50 
50 
234 
Appendix E: Fixed site measurements 
Table El. Teflon filter samples collected at the central monitoring stations using Harvard Impactors and Leiand Legacy pumps. 
Community Filter 10 Start Date End Date PMis [W5 m 31 
Levoglucosan 
[Mg m'3l 
ABS 
[Mm1] Comments 
2007-2008 Heattns Season 
Terrace WB1-TR1 10/16/2007 10/30/2007 5 0.22 5.62E-06 
WB1-TR2 10/31/2007 11/14/2007 3 0.15 8.28E-06 Long sample period, Oct 31 - Nov 15 
WB1-TR3 11/16/2007 11/30/2007 6 0.45 7.70E-06 Started 1 day late due to power outage 
WB1-TR4 12/1/2007 12/15/2007 NA NA NA FAILED SAMPLE: Pump Scheduler incorrect 
WB1-TR5 12/16/2007 12/30/2007 6 0.39 8.92E-06 INVALIDATED: A pump flow > 1 L min"1 
WB1-TR6 12/31/2007 1/14/2008 4 0.32 6.63E-06 Replaced Leiand Pump LLP06 with LLP07 
WB1-TR7 12/31/2007 1/14/2008 NA NA NA NO SAMPLE: Laptop down 
WB1-TR8 1/15/2008 1/29/2008 7 NA 9.33E-06 
WB1-TR9 1/29/2008 2/12/2008 NA 0.41 NA FAILED SAMPLE: Pump Scheduler incorrect 
WB1-TR10 2/14/2008 2/28/2008 10 NA 7.06E-06 
WB1-TR11 2/29/2008 3/14/2008 NA 0.24 NA FAILED SAMPLE: Pump Scheduler incorrect 
WB1-TR12 3/15/2008 3/29/2008 9 NA 4.40E-06 
WB1-TR13 3/30/2008 4/13/2008 6 NA 4.40E-06 
Smithers WB1-SM1 10/16/2007 10/30/2007 8 0.63 8.35E-06 
WB1-SM2 10/31/2007 11/14/2007 6 0.56 8.96E-06 
WB1-SM3 11/15/2007 11/29/2007 12 0.63 1.17E-05 
WB1-SM4 11/30/2007 12/14/2007 15 0.98 1.45E-05 
WB1-SM5 12/15/2007 12/29/2007 12 0.88 1.34E-05 
WB1-SM6 12/30/2007 1/13/2008 11 NA 1.32E-05 
WB1-SM7 1/14/2008 1/28/2008 21 0.71 1.91E-05 
WB1-SM8 1/29/2008 2/12/2008 11 1.23 1.19E-05 
WB1-SM9 2/13/2008 2/27/2008 15 0.71 1.36E-05 
WB1-SM10 2/28/2008 3/13/2008 9 0.93 9.31E-06 
WB1-SM11 3/14/2008 3/28/2008 6 0.56 5.24E-06 
WB1-SM12 3/29/2008 4/12/2008 7 0.51 5.33E-06 
WB1-SM13 4/13/2008 4/27/2008 6 NA 5.43E-06 
Telkwa WB1-TK1 10/16/2007 10/30/2007 9 0.74 8.29E-06 
WB1-TK2 10/31/2007 11/14/2007 9 1.09 9.97E-06 
WB1-TK3 11/15/2007 11/29/2007 16 1.88 1.38E-05 
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Table El continued 
Community Filter ID Start Date End Date PM*.s 
lUg m 3] 
Levoglucosan 
lW m'3l 
ABS 
[Mm*1! Comments 
Telkwa WB1-TK4 11/30/2007 12/14/2007 18 1.63 1.52E-05 
WB1-TK5 12/15/2007 12/29/2007 18 1.63 1.47E-05 
WB1-TK6 12/30/2007 1/13/2008 24 2.14 1.77E-05 
WB1-TK7 1/14/2008 1/28/2008 19 1.55 1.57E-05 
WB1-TK8 1/29/2008 2/12/2008 15 1.70 1.39E-05 
WB1-TK9 2/13/2008 2/27/2008 19 1.52 1.54E-05 
WB1-TK10 2/28/2008 3/13/2008 11 1.37 1.01E-05 
WB1-TK11 3/14/2008 3/28/2008 7 0.66 6.05E-06 
WB1-TK12 3/29/2008 4/12/2008 9 0.62 5.61E-06 
WB1-TK13 4/13/2008 4/27/2008 6 0.28 4.68E-06 
Houston WBl-HOl 10/15/2007 10/30/2007 16 0.85 1.18E-05 
WB1-H02 10/30/2007 11/13/2007 8 0.98 9.60E-06 
WB1-H03 11/14/2007 11/28/2007 16 1.33 1.36E-05 
WB1-H04 11/29/2007 12/13/2007 17 1.39 1.43E-05 
WB1-H05 12/14/2007 12/28/2007 14 1.14 1.35E-05 
WB1-H06 12/29/2007 1/12/2008 20 1.73 1.53E-05 
WB1-H07 1/13/2008 1/27/2008 27 1.72 1.91E-05 
WB1-H08 1/28/2008 2/11/2008 11 0.78 1.08E-05 
WB1-H09 2/12/2008 2/26/2008 23 1.74 1.50E-05 
WBl-HOlO 2/27/2008 3/12/2008 9 0.26 8.48E-06 
WBl-HOll 3/13/2008 3/27/2008 9 0.61 6.56E-06 Small hole at filter edge 
WB1-H012 3/28/2008 4/11/2008 9 0.68 6.46E-06 
WB1-H013 4/12/2008 4/22/2008 5 0.24 3.80E-06 PARTIAL SAMPLE (Apr 12-22): Power failure 
Burns Lake WB1-BL1 10/15/2007 10/18/2007 11 0.32 1.30E-05 PARTIAL SAMPLE (Oct 15-18): Power unplugged 
WB1-BL2 10/30/2007 11/13/2007 6 0.45 7.40E-06 
WB1-BL3 11/14/2007 11/28/2007 13 0.67 1.30E-05 
WB1-BL4 11/29/2007 12/13/2007 9 0.51 1.00E-05 
WB1-BL5 12/14/2007 12/28/2007 NA NA NA NO SAMPLE: Pump tube detached 
WB1-BL6 12/29/2007 1/12/2008 10 0.5 1.30E-05 
WB1-BL7 1/13/2008 1/27/2008 16 0.97 1.70E-05 
WB1-BL8 1/28/2008 2/11/2008 7 0.33 8.20E-06 
WB1-BL9 2/12/2008 2/24/2008 10 0.74 1.30E-05 PARTIAL SAMPLE (Feb 12-24): Power unplugged 
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Table El continued 
Community Filter ID Start Date End Date r ^ "3, Levoglucosan Comments 
' kml [Mgm ] [Mm1! 
Burns Lake WB1-BL10 2/27/2008 3/12/2008 3 0.04 1.32E-06 INVALIDATED: light color; TEOM PM2S > HI PM25 
WB1-BL11 3/13/2008 3/27/2008 6 0.23 6.10E-06 
WB1-BL12 3/28/2008 4/11/2008 7 0.30 5.30E-06 
WB1-BL13 4/12/2008 4/26/2008 5 0.09 3.60E-06 
Terrace NB1-TR1 4/30/2008 5/14/2008 
2008 «• 
6 
ion-heating sea 
NA 
son 
3.04E-06 
NB1-TR2 5/14/2008 5/28/2008 6 NA 2.66E-06 
NB1-TR3 5/29/2008 6/12/2008 5 NA 2.18E-06 
NB1-TR4 6/13/2008 6/27/2008 3 NA 1.78E-06 
NB1-TR5 6/28/2008 7/12/2008 4 NA 2.47E-06 
NB1-TR6 7/14/2008 7/28/2008 3 NA 2.24E-06 
NB1-TR7 7/14/2008 7/28/2008 4 NA 2.97 E-06 
NB1-TR8 7/29/2008 8/12/2008 5 NA 2.65E-06 PARTIAL SAMPLE (Aug 14-22): DryCal repair 
NB1-TR9 8/14/2008 8/22/2008 3 0.00 2.82E-06 
NB1-TR10 8/23/2008 9/5/2008 4 0.00 5.40E-06 
Smithers NB1-SM1 4/28/2008 5/12/2008 4 NA 2.86E-06 
NB1-SM2 5/13/2008 5/27/2008 4 NA 2.44E-06 
NB1-SM3 5/28/2008 6/11/2008 4 NA 2.79E-06 
NB1-SM4 6/12/2008 6/26/2008 3 NA 1.83E-06 
NB1-SM5 6/27/2008 7/11/2008 4 NA 2.70E-06 
NB1-SM6 7/12/2008 7/26/2008 2 NA 2.59E-06 
NB1-SM7 7/28/2008 8/11/2008 4 NA 2.83E-06 
NB1-SM8 8/14/2008 8/22/2008 5 0.00 4.07E-06 PARTIAL SAMPLE (Aug 14-22): DryCal repair 
NB1-SM9 8/23/2008 9/5/2008 3 0.00 3.18E-06 
NB1-SM10 9/6/2008 9/20/2008 4 0.00 7.34E-06 
Telkwa NB1-TK1 4/28/2008 5/12/2008 5 NA 3.47 E-06 
NB1-TK2 5/13/2008 5/27/2008 7 NA 2.16E-06 
NB1-TK3 5/28/2008 6/11/2008 7 NA 2.27E-06 
NB1-TK4 6/12/2008 6/26/2008 3 NA 1.88E-06 
NB1-TK5 6/27/2008 7/11/2008 4 NA 2.86E-06 
NB1-TK6 7/12/2008 7/26/2008 4 NA 2.15E-06 
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Table El continued 
Community Filter ID Start Date End Date 
pm25 
[m« m3] 
Levoglucosan 
Uigm3] 
ABS 
[Mm1] Comments 
Telkwa NB1-TK7 7/28/2008 8/11/2008 6 0.36 2.75E-06 
NB1-TK8 8/14/2008 8/22/2008 4 0.00 2.99E-06 
NB1-TK9 8/23/2008 9/5/2008 4 0.00 4.24E-06 
NB1-TK10 9/6/2008 9/20/2008 5 NA 6.32E-06 
Houston NBl-HOl 4/27/2008 5/11/2008 5 NA 3.56E-06 
NB1-H02 5/12/2008 5/26/2008 4 NA 2.30E-06 
NB1-H03 5/27/2008 6/10/2008 4 NA 2.11E-06 
NB1-H04 6/11/2008 6/23/2008 3 NA 1.26E-06 
NB1-H05 6/26/2008 7/10/2008 4 NA 2.63E-06 
NB1-H06 7/11/2008 7/25/2008 3 NA 2.34E-06 
NB1-H07 7/26/2008 8/9/2008 4 0.36 2.54E-06 
NB1-H08 8/14/2008 8/22/2008 4 0.00 3.10E-06 PARTIAL SAMPLE (Aug 14-22): DryCal repair 
NB1-H09 8/24/2008 9/6/2008 2 NA 2.78E-06 
NB1-H010 9/7/2008 9/21/2008 4 NA 5.85E-06 
Burns Lake NB1-BL1 4/27/2008 5/11/2008 4 NA 2.84E-06 
NB1-BL2 5/12/2008 5/26/2008 4 NA 2.34E-06 
NB1-BL3 5/27/2008 6/10/2008 3 NA 2.37E-06 
NB1-BL4 6/11/2008 6/23/2008 4 NA 2.01E-06 
NB1-BL5 6/26/2008 7/10/2008 4 NA 2.12E-06 
NB1-BL6 7/11/2008 7/25/2008 4 NA 2.49E-06 
NB1-BL7 7/26/2008 8/9/2008 4 NA 2.92E-06 
NB1-BL8 8/14/2008 8/22/2008 4 0.00 3.63E-06 PARTIAL SAMPLE (Aug 14-22): DryCal repair 
NB1-BL9 8/24/2008 9/6/2008 3 0.00 2.53E-06 
NB1-BL10 9/7/2008 9/21/2008 3 NA 3.82E-06 
2008-2008 Heating Season 
Smithers WB2-SM1 9/21/2008 10/5/2008 6 0.19 9.34E-06 
WB2-SM2 10/6/2008 10/20/2008 9 0.43 8.80E-06 
WB2-SM3 10/21/2008 11/4/2008 11 0.62 1.16E-05 
WB2-SM4 11/5/2008 11/20/2008 12 0.65 1.31E-05 
WB2-SM5 11/21/2008 12/5/2008 13 0.80 1.26E-05 
238 
Table El continued 
Community Filter ID Start Date End Date PM2.s [Hg m J] 
Levoglucosan 
(MS m Jj 
ABS 
[Mm1] Comments 
Smithers WB2-SM6 12/6/2008 12/14/2008 10 0.63 1.29E-05 PARTIAL SAMPLE (Dec 6-14): Technician away 
WB2-SM7 12/15/2008 12/29/2008 34 2.54 2.62E-05 
WB2-SM8 12/30/2008 1/13/2009 14 1.06 1.58E-05 
WB2-SM9 1/14/2009 1/28/2009 16 0.79 1.44E-05 
WB2-SM10 1/29/2009 2/12/2009 12 0.69 1.26E-05 
WB2-SM11 2/13/2009 2/27/2009 22 0.73 1.80E-05 
WB2-SM12 2/28/2009 3/14/2009 16 0.48 1.02E-05 
WB2-SM13 3/15/2009 3/29/2009 6 0.22 5.21E-06 
WB2-SM14 3/30/2009 4/13/2009 8 0.29 6.47E-06 
WB2-SM15 4/14/2009 4/28/2009 7 0.14 5.44E-06 INVALIDATED: Contaminated field blank 
Telkwa WB2-TK1 9/21/2008 10/5/2008 6 0.13 6.28E-06 
WB2-TK2 10/6/2008 10/20/2008 9 0.63 8.62E-06 
WB2-TK3 10/21/2008 11/4/2008 11 0.72 1.03E-05 
WB2-TK4 11/5/2008 11/20/2008 15 1.25 1.45E-05 
WB2-TK5 11/21/2008 12/5/2008 13 1.18 1.20E-05 
WB2-TK6 12/6/2008 12/14/2008 8 0.65 8.24E-06 
WB2-TK7 12/15/2008 12/29/2008 28 2.36 2.17E-05 
WB2-TK8 12/30/2008 1/13/2009 16 1.60 1.54E-05 
WB2-TK9 1/14/2009 1/28/2009 15 1.17 1.31E-05 
WB2-TK10 1/29/2009 2/12/2009 12 1.01 1.08E-05 
WB2-TK11 2/13/2009 2/27/2009 18 1.18 1.43E-05 
WB2-TK12 2/28/2009 3/14/2009 12 0.70 8.95E-06 
WB2-TK13 3/15/2009 3/29/2009 7 0.36 4.15E-06 
WB2-TK14 3/30/2009 4/13/2009 8 0.41 4.88E-06 
WB2-TK15 4/14/2009 4/28/2009 7 0.24 4.45E-06 
Houston WB2-H01 9/22/2008 10/6/2008 6 0.23 6.60E-06 
WB2-H02 10/7/2008 10/21/2008 13 0.93 1.06E-05 
WB2-H03 10/22/2008 11/5/2008 13 0.90 1.16E-05 
WB2-H04 11/6/2008 11/21/2008 15 0.03 1.31E-05 
WB2-H05 11/22/2008 12/6/2008 14 1.06 1.25E-05 
WB2-H06 12/6/2008 12/15/2008 23 1.97 2.10E-05 PARTIAL SAMPLE (Dec 6-15): Technician away 
WB2-H07 12/16/2008 12/30/2008 31 2.55 2.38E-05 
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Table El continued 
Community Filter ID Start Date End Date PM2S [MB m"J] 
Levoglucosan 
[M« 31 
ABS 
[Mm1] Comments 
Houston WB2-H08 12/31/2008 1/14/2009 14 1.16 1.56E-05 
WB2-H09 1/15/2009 1/29/2009 11 0.51 9.84E-06 
WB2-H010 1/30/2009 2/13/2009 10 0.46 1.07E-05 
WB2-H011 2/14/2009 2/28/2009 29 1.81 1.85E-05 
WB2-H012 3/1/2009 3/15/2009 19 0.84 1.22E-05 
WB2-H013 3/16/2009 3/30/2009 10 0.47 6.59E-06 
WB2-H014 3/31/2009 4/14/2009 11 0.49 7.05E-06 
WB2-H015 4/15/2009 4/29/2009 9 0.34 6.14E-06 
Burns Lake WB2-BL1 9/22/2008 10/6/2008 9 0.43 8.80E-06 
WB2-BL2 10/7/2008 10/21/2008 8 0.37 8.10E-06 
WB2-BL3 10/22/2008 11/5/2008 9 0.46 9.69E-06 
WB2-BL4 11/6/2008 11/21/2008 11 0.54 1.10E-05 
WB2-BL5 11/22/2008 12/6/2008 9 0.45 9.18E-06 
WB2-BL6 12/6/2008 12/15/2008 5 0.30 5.97E-06 INVALIDATED: A pump flow > 1 L min"1 
WB2-BL7 12/16/2008 12/30/2008 5 0.28 6.15E-06 Pump volume used rather than average DryCal 
WB2-BL8 12/31/2008 1/14/2009 7 0.35 8.92E-06 
WB2-BL9 1/15/2009 1/29/2009 10 0.33 8.80E-06 
WB2-BL10 1/30/2009 2/13/2009 11 0.70 9.91E-06 
WB2-BL11 2/14/2009 2/28/2009 13 0.58 1.28E-05 
WB2-BL12 3/1/2009 3/15/2009 14 0.34 8.61E-06 INVALIDATED: Contaminated field blank 
WB2-BL13 3/16/2009 3/30/2009 7 0.22 5.21E-06 
WB2-BL14 3/31/2009 4/14/2009 9 0.14 5.01E-06 
WB2-BL15 4/15/2009 4/29/2009 8 0.13 4.65E-06 
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Appendix F: Mobile monitoring - individual samples and supplementary analyses 
Table F 1. Meteorological and TEOM PM25 measurements during mobile monitoring periods. Forecast categories: H-ridge = high pressure ridge, C-front = cold 
front, Pac Low = Pacific Low, A - High = Arctic High, Out.wds = outflow winds may occur, Wk-trgh = weak trough. Venting categories: VP = very poor, P = poor, F 
= fair. Ventilation forecasting was only available until the end of March 2008. 
Community Start Date Mobile ID TEOM PM2.S [|ig m"3] Temp. [*C] 4 Wind Speed [m s" ] Wind Direction [°] Forecast Venting 
mean/median mean/median mean/median mean/median 
Terrace 
All heating season evenings (2000 - 0200 PST) 4/3 1.6/2.8 2.0/1.2 
-
-
Alt sampled evenings (2000 -0200 PST) 12/11 1.4/1.4 1.0/0.3 - _ 
Next-sampled evenings (2000 -0200 PST) 4/3 1,6/2.8 2.0/1.2 . • ~ -
15/02/2008 TR_lm 1/1 4.0/4.0 3.1/3.2 193/191 H-ridge F-P 
16/02/2008 TR_2m 26/28 -1.3/-1.3 0.3/0.3 317/318 H-ridge F-P 
17/02/2008 TR_3m 3/2 1.1/1.1 1.2/1.1 352/348 H-ridge F-P 
18/02/2008 TR_4m 2/1 2.6/2.6 2.0/1.8 13/10 H-ridge P 
04/03/2008 TR_5m 12/12 -0.3/-0.3 0.2/0.2 290/288 H-ridge F-P 
05/03/2008 TR_6m 28/28 0.2/0.0 0.2/0.2 342/342 H-ridge F-P 
06/03/2008 TR_7m 15/14 2.8/2.8 0.2/0.2 156/172 H-ridge F-P 
Smithers 
All heating season evenings (2000 - 0200 PST) 10/8 -2.5/-0.7 1.3/0.9 . - , 
• :  - -
All sampled evenings (2000 - 0200 PST) 16/15 -5.0/-4.3 0.9/0.5 - -
Non-sampled evenings (2000 - 0200 PST) 9/7 -2.3/-0.4 1.3/0.9 
' • — . -
20/11/2007 SM_lm 4/4 -S.6/-5.6 1.9/2.0 174/174 H-ridge P 
21/11/2007 SM_2m 9/8 -7.9/-8.3 1.4/1.4 150/149 H-ridge P 
22/11/2007 SM_3m 9/10 -7.S/-7.6 1.8/1.6 156/152 H-ridge P 
23/11/2007 SM_4m 18/18 -4.8/-4.9 1.2/1.1 149/145 C-Front F-P 
24/11/2007 SM_5m 29/29 -4.2/-4.2 1.1/1.1 163/167 H-ridge P 
16/01/2008 SM_6m 10/12 0.0/0.0 0.5/0.5 201/208 H-ridge P 
24/01/2008 SM_7m 25/26 -16.0/-16.0 0.2/0.2 0/1 H-ridge P 
19/02/2008 SM_8m 25/22 -2.6/-2.6 0.2/0.2 315/294 H-ridge VP 
20/02/2008 SM_9m 17/17 -3.9/-3.9 0.2/0.3 321/344 H-ridge VP 
21/02/2008 SM_10m 17/17 -1.4/-1.4 0.3/0.3 358/355 H-ridge P 
22/02/2008 SM_llm 13/14 -1.1/-1.1 0.4/0.3 128/101 H-ridge F-P 
Telkwa 
All heating season evenings (2000 - 0200 PST) 11/8 -2.8/-1.0 1.2/0.8 • - - -
All sampled evenings (2000 - 0200 PST) 19/14 -5.3/-4.9 1.1/0.7 
-
-
-
Non-sampled evenings (2000 - 0200 PST) 11/7 -2.6/-0.8 1.2/0.8 - _ 
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Table F 1 continued 
Community Start Date Mobile ID TEOM PM2 .5 (Hg m'3] 
mean/median 
Temp. [°C] 
mean/median 
Wind Speed [m s"1] 
mean/median 
Wind Direction [*] 
mean/median 
Forecast Venting 
Telkwa 20/11/2007 TK_lm 1/1 -5.S/-5.5 2.3/2.3 118/118 H-ridge P 
21/11/2007 TK_2m 17/17 -9.9/-9.9 0.6/0.6 190/190 H-ridge P 
22/11/2007 TK_3m 1/1 -10.5/-10.5 1.1/1.1 238/238 H-ridge P 
23/11/2007 TK_4m 13/13 -4.8/-4.8 0.7/0.7 238/238 C-Front F-P 
24/11/2007 TK_5m 46/46 -7.8/-7.8 0.7/0.7 227/227 H-ridge P 
17/01/2008 TK_6m 1/1 4.8/4.8 3.8/3.8 281/281 H-ridge P 
24/01/2008 TK_7m 19/19 -17.2/-17.2 0.8/0.8 118/118 H-ridge P 
19/02/2008 TK_8m 29/29 -2.3/-2.3 0.6/0.6 118/118 H-ridge VP 
20/02/2008 TK_9m 20/20 -2.6/-2.6 0.8/0.8 119/119 H-ridge VP 
21/02/2008 TK_10m 24/24 -1.4/-1.4 0.4/0.4 117/117 H-ridge P 
22/02/2008 TK_llm 11/11 -0.7/-0.7 0.9/0.9 109/109 H-ridge F-P 
Houston 
All heating season evenings (2000 -0200 PST) 11/6 -3.2/-1.5 1.9/1.6 - - -
All sampled evenings (2000-1 D200PST) 10/6 -13.6/-14.2 2.4/2.5 ~ ' 
-
_ 
Non-sampled evenings (2000 - 0200 PST) 11/6 -27/-1.2 1.9/1.6 - -
28/11/2007 HO_lm 1/1 -4.2/-4.2 3.3/3.3 63/62 Pac-Low F 
29/11/2007 HO_2m 5/7 -11.1/-10.7 2.7/2.8 98/98 A-High P 
30/11/2007 HO_3m 8/10 -12.9/-12.8 0.6/0.6 221/228 A-High P 
01/12/2007 HO_4m 2/2 -14.5/-14.6 2.5/2.2 88/86 A-High P 
02/12/2007 HO_5m 1/1 -18.0/-18.0 3.6/3.8 65/67 Out.wds F-P 
21/01/2008 HO_6m 34/36 -19.0/-19.0 0.5/0.3 107/98 H-ridge P 
22/01/2008 HO_7m 14/13 -14.9/-14.7 2.3/2.4 108/108 H-ridge P 
23/01/2008 HO_8m 7/7 -9.3/-9.3 4.7/4.6 85/83 H-ridge F-P 
02/02/2008 HO_9m 41/33 -18.3/-18.4 0.4/0.3 103/95 Wk-trgh F-P 
03/02/2008 H0_10m 5/5 -12.5/-12.5 3.0/2.8 81/84 Wk-trgh F-P 
Burns Lake 
All heating season evenings (2000 -0200 PST) 7/6 -3.9/-2.1 1.6/1.2 - _ 
All sampled evenings (2000 - 0200 PST) 7/7 -7.0/-5.5 1.4/1.5 - - -
Non-sampled evenings (2000 • -0200 PST) 7/6 -3.7/-1.8 1.6/1.2 ~ •. ~ -
06/12/2007 BL_lm 8/8 -17.0/-17.0 0.7/0.7 255/250 H-ridge P 
08/12/2007 BL_2m 9/9 -18.1/-18.1 1.4/1.5 161/162 H-ridge F-P 
09/01/2008 BL_3m 5/5 -7.0/-7.0 1.3/1.4 152/161 H-ridge P 
11/01/2008 BL_4m 6/6 -5.9/-6.1 2.1/2.0 140/140 H-ridge F-P 
13/03/2008 BL 5m 10/10 -2.1/-2.2 0.1/0.1 140/139 H-ridge F-P 
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Table F 1 continued 
Community Start Date Mobile ID TEOM PM2.s lug m'3] Temp. t'C] Wind Speed [m s"1] Wind Direction ["J Forecast Venting 
mean/median mean/median mean/median mean/median 
Burns Lake 19/04/2008 BL 6m 2/2 -5.6/-5.7 2.2/2.0 46/49 NA NA 
20/04/2008 BL 7m 2/2 -4.8/-5.0 2.3/2.2 335/326 NA NA 
21/04/2008 BL 8m 10/9 -0.7/-0.8 1.8/2.1 131/131 NA NA 
22/04/2008 BL 9m 10/10 1.0/0.8 2.0/2.1 134/131 NA NA 
243 
Table F 2. Quality assurance checks, calibrations and collocation periods for the mobile and fixed-site nephelometers during the study period. If the span 
or zero gas checks were outside acceptable limits, calibrations were performed to adjust the calibration curve of the nephelometer(s) and/or other 
maintenance was conducted. Acceptable range for span gas (C02) = 22.7111.14 Mm'1 and zero gas = 0 i 0.500 Mm"1. 
Date Neph ID Span Gas: C02 Particle free air Comments Collocation 
Chk/Cal Oj,, (Mm ) Cal/Chk a„ (Mm") 
18 Nov 07 Fixed-site 
Mobile 
Chk 
Cal 
NA 
22.275 
Chk 
Cal 
NA 
-0.183 
Form missing - tech OK'd 
Calibration-training purposes 19 Nov 0712:50-20 Nov 07 13:28 
28 Nov 07 Fixed-Site Chk 21.867 Chk 0.436 
Mobile Chk 23.692 Chk 1 
Chk 2 
0.520 
0.142 
Cleaned light source 27 Nov 07 11:40 - 28 Nov 07 11:44 
3 Dec 07 Fixed-Site Chk 21.465 Chk 0.283 3 Dec 07 15:51 -4 Dec 07 15:31 Mobile Chk 21.133 Chk 0.471 
20 Dec 07 Fixed-Site 
Mobile 
Chk 
Chk 
22.773 
22.117 
Chk 
Chk 
-0.075 
0.134 20 Dec 07 11:27 -21 Dec 07 10:19 
12 Jan 08 Fixed-Site 
Mobile 
Chk 
Chk 
21.662 
23.018 
Chk 
Chk 
-0.624 
0.223 12 Jan 08 18:10 - 13 Jan 0818:22 
19 Jan 08 Fixed-Site Chk 20.893 Chk -1.222 
Mobile Chk 23.025 Chk 0.280 19 Jan 08 16:13 -20 Jan 08 15:24 
20 Jan 08 Fixed-Site Call 24.918 Cal2 1.790 Calibration failed 20 Jan 08 22:41- 21 Jan 08 17:52 
Cal2 22.780 Cal2 0.149 Replaced DFU zero/span filter 
25 Jan 08 Fixed-Site 
Mobile 
Chk 
Chk 
22.151 
22.872 
Chk 
Chk 
-0.470 
0.215 25 Jan 08 11:40- 26 Jan 08 15:55 
7 Feb 08 Fixed-Site 
Mobile 
Chk 
Chk 
22.448 
23.327 
Chk 
Chk 
0.127 
0.479 7 Feb 08 15:47 - 8 Feb 08 16:39 
24 Feb 08 Fixed-Site 
Mobile 
Chk 
Chk 
22.426 
22.646 
Chk 
Chk 
-0.099 
0.076 24 Feb 08 11:14 -25 Feb 0811:31 
14 Mar 08 Fixed-Site Chk 25.000 Chk 1.433 Cleaned light source 
Cal 22.950 Cal 0.014 14 Mar 08 11:18-15 Mar 08 12:53 
Mobile Chk 
Cal 
24.308 
24.304 
Chk 
Cal 
-0.97 
-0.310 
Cleaned light source 15 Mar 08 20:22 -16 Mar 08 09:56 
23 Apr 08 Fixed-Site 
Mobile 
Chk 
Chk 
23.386 
22.874 
Chk 
Chk 
0.358 
0.225 23 Apr 0811:20-24 Apr 08 11:25 
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Table F 3. Summary of light scattering extinction coefficients (Mm1) measured during each mobile monitoring 
session (within evening adjusted instantaneous 10 second measurements). Mobile ID: TR = Terrace, SM = 
Smithers, TK = Telkwa, HO = Houston, BL = Burns Lake. Q1 = 1st Quartile, Q3 = 3rd Quartile. 
Mobile 
ID Date Min. Ql Median Mean Q3 Max. 
TR_lm 15-Feb-08 1.24 3.22 4.58 6.79 6.00 296.41 
TR_2m 16-Feb-08 5.67 62.55 115.30 174.91 244.73 1106.57 
TR_3m 17-Feb-08 2.30 5.40 9.80 26.78 25.54 675.31 
TR_4m 18-Feb-08 2.79 5.79 8.39 25.11 19.82 1478.01 
TR_5m 4-Mar-08 11.93 77.93 123.55 153.82 203.86 905.59 
TR_6m 5-Mar-08 35.59 138.55 218.91 268.93 344.29 1698.82 
TR_7m 6-Mar-08 13.01 76.69 122.23 154.24 191.88 1311.07 
SM_lm 20-Nov-07 6.64 13.84 18.91 23.77 26.71 237.73 
SM_2m 21-Nov-07 17.48 39.35 50.81 68.89 72.20 1544.86 
SM_3m 22-Nov-07 20.72 59.16 67.73 81.04 86.05 560.04 
SM_4m 23-Nov-07 39.04 84.09 95.33 100.45 106.10 898.92 
SM_5m 24-NOV-07 76.77 142.54 157.78 164.56 174.15 813.34 
SM_6m 16-Jan-08 9.37 40.69 74.44 84.82 103.14 684.33 
SM_7m 24-Jan-08 23.41 74.91 124.90 140.98 190.69 550.51 
SM_8m 19-Feb-08 17.09 72.72 112.65 138.59 181.27 988.55 
SM_9m 20-Feb-08 15.54 50.88 77.52 104.54 138.65 659.05 
SM_10m 21-Feb-08 22.85 61.19 81.31 110.96 136.46 577.56 
SM_llm 22-Feb-08 25.99 50.62 74.50 92.81 107.17 618.79 
TK_lm 20-NOV-07 4.50 6.40 7.90 10.28 11.02 152.52 
TK_2m 21-Nov-07 20.13 72.28 139.30 169.51 257.17 976.58 
TK_3m 23-NOV-07 1.13 2.29 3.67 4.15 4.71 31.26 
TK_4m 23-Nov-07 42.48 65.66 79.81 86.16 99.28 293.18 
TK_5m 24-Nov-07 139.81 215.89 321.63 320.59 394.79 753.14 
TK_6m 17-Jan-08 3.55 5.95 8.31 13.42 13.23 192.48 
TK_7m 24-Jan-08 24.96 53.52 80.61 105.25 138.40 390.80 
TK_8m 20-Feb-08 50.17 134.41 224.21 232.59 313.49 673.19 
TK_9m 20-Feb-08 15.03 28.32 71.46 94.54 124.44 583.33 
TK_10m 21-Feb-08 19.85 37.36 60.40 84.47 90.50 449.09 
TK_llm 22-Feb-08 19.10 36.53 50.22 79.85 82.11 649.31 
HO_lm 28-Nov-07 1.89 4.27 6.27 15.09 9.85 386.44 
HO_2m 29-Nov-07 2.52 9.29 17.18 44.83 45.03 660.17 
HO_3m 30-Nov-07 2.78 12.81 24.55 42.92 46.51 1236.56 
HO_4m l-Dec-07 9.37 25.02 37.38 59.49 62.92 485.41 
HO_5m 2-Dec-07 4.61 6.82 8.97 21.45 15.72 585.44 
HO_6m 21-Jan-08 25.08 105.30 219.39 322.23 371.20 1908.23 
HO_7m 22-Jan-08 18.65 56.08 90.06 121.57 138.86 1106.26 
HO_8m 23-Jan-08 31.47 35.12 38.09 48.20 47.51 804.21 
HO_9m 2-Feb-08 38.17 117.85 257.95 411.24 553.98 2000.00 
HO 10m 3-Feb-08 14.20 23.13 29.32 45.16 46.62 1374.74 
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Table F 3 continued 
Mobile 
ID 
Date Min. Q1 Median Mean Q3 Max. 
BL 2m 8-Dec-07 31.47 40.44 49.09 55.71 55.97 1056.31 
BL 3m 9-Jan-08 8.93 26.08 33.14 49.28 61.07 448.32 
BL 4m ll-Jan-08 5.54 35.75 83.80 92.63 119.11 561.98 
BL 5m 13-Mar-08 11.82 40.12 63.52 90.26 115.59 553.34 
BL 6m 19-Apr-08 8.93 12.84 16.13 28.91 22.52 1048.92 
BL_7m 20-Apr-08 9.93 14.52 18.45 28.72 25.51 938.61 
BL_8m 21-Apr-08 19.76 39.36 59.54 85.61 89.12 1898.72 
BL 9m 22-Apr-08 29.83 46.96 58.55 72.50 79.40 598.17 
Table F 4. IDW model parameters and cross-validation statistics for standard deviations of z-score and 
nephelometer-TEOM ratios (ntratio). Minimum neighbours = 10, maximum neighbours = 15. 
Data Layer Community n P ME RMSE (%) Slope Intercept R2 
z-score Terrace 334 3.1 -0.0102 0.7053 (11.2) 0.53 0.99 0.36 
Smithers 262 1.9 0.0085 0.5931 (10.7) 0.36 1.36 0.28 
Telkwa 65 2.4 -0.0095 0.4001 (17.1) 0.21 1.67 0.16 
Houston 123 2.2 -0.0047 0.2204 (12.8) 0.50 0.38 0.39 
Burns Lake 171 1.6 -0.0143 1.0670 (11.2) 0.37 1.38 0.24 
ntratio Terrace 321 2.5 0.0024 0.1771 (9.3) 0.52 0.23 0.43 
Smithers 262 2.1 0.0038 0.2624 (12.3) 0.37 0.27 0.26 
Telkwa 64 2.1 0.0013 0.0961 (11.1) 0.65 0.14 0.60 
Houston 143 5.0 0.0050 0.1503 (8.5) 0.64 0.11 0.39 
Bums Lake -- -- -- ~ -- -- ~ 
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